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tlie distance of centers, wliicli is the quantity to he measured, T)eing- fifty times g-reater 
than the mean eftect of parallax at the difierent stations, the latter will appear as a 
difference between two large quantities, and any eiTor affecting the whole distance 
measured in a given ratio will affect the parallax in a ratio fifty times as great. To 
estimate the degree of accuracy which it is desirable to obtain, we should know what 
degree of accuracy a measure on the pliotographie plate admits of This is a point on 
whicli we have no exact published information, but it is understood that the ineas- 
tures of the photographs of the eclipse of 1869 indicate that the probable error of a 
negative as measured is but a small fraction of a second of arc. We have some reason 
to hope that tlie probable accidental eiTOr of a determination of the distance of centers 
from a single negative will be less than lialf a second. It is probable tliat two hundred 
negatives can be taken at each station. G-ranting this, we may hope that the probable 
accidental error of the mean of all the measures at one station may be as small as 
o'fo 3 . It is desirable that the constant errors peculiar to the station or the instrument 
should be but a fraction of tins amount, say, o''. 02 . The least distance of centers being, 
on the average, about 800 '', it is desirable that the measures should not be affected 
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PREPARED BY DIRECTION OP THE 

KON. WM. BALLAED PEEBTON, 

SECRETARY OP THE NAVY, 

^ IN RELATION TO THE 

ASTRONOMICAL EXPEDITION TO CHILE. 


BY LIEUT. M. F. MAURY, U. S. N., 

Superintendeut of the National Observatory 


WASHINGTON. 

C, ALEXANDER, PRINTER, 




TO THE FRIENDS OE ASTRONOMICAL SCIENCE. 


In the year 1847 Dr Gerling, of Marburgh, suggested that a new determination of the solar paiallax 
might be obtained by observations upon Venus at and near hei stationaiy periods, piovided these observations 
were made at points far removed from each other 

In 1847-8, the American Philosophical Society and the Academy of Aits and Sciences recommended to 
the Secretaiy of the Navy that an astronomical expedition be sent to Chile foi the pui^ose of making, accoiding to 
Dr Geilmg’s plan, observations there upon Venus in connexion with the National Obscnatoiy at Vi^ashington 

By an act of Congress, appio\ed August 3d, 1848, the Secretary of the Navy was diiected to cause thcst 
observations to be made 

Being thus authorized by the National Legislature, and that nothing, which is calculated to impait intcre.st 
to the undertaking or to give value to its results, may be omitted on the part of the American Go\ernment^ I 
am directed by the Hon Wm Ballard Preston, Secretary of the Navy, to announce to the fiiends of Science 
the objects and plan of tTie expedition, and to invite Astronomeis generally to lend it then co-operation by 
making, in so far as it may be practicable and convenient foi each one to make, a series of coiresponding oo- 
servations 

The Expedition has been fitted out on a scale commensurate with the objects in view All the means and 
facilities for it which Congress has placed at the disposal of the Executive, have been afforded to it by lh( 
Secretary of the Navy Reposing special tiust and confidence in the zeal and ability of Lieut J M Gillis*^, 
U S N , he has appointed that officer to the charge of it; othei officers of the Navy ha^e been do* ailed to m - 
company it as assistants , Passed Midshipmen A McRae and Heniy C Hunter, who aie to accompany it, hruvt 
been stationed at the National Observatory foi the requisite and previous training The necessary mstiumenls 
have been procured for the Expedition, and suitable buildings to seive as an Observatory m Chile ha\o be< n 
prepared m Washington They are wooden structures, and will be taken to pieces and shipped to Valpaiaiso 
in the course of a few days 

The pimcipal Astronomical Instruments which the Expedition will caiiy with it, are two Telescopes, 
Equatonally mounted, a Meridian Circle, a Clock%nd thice Chionometers 

The larger Telescope is an eight and a half foot Refractoi It has an object glass by Fitz, of New York, 
that affords a clear aperture of six inches and a half. It is fitted with clock-woik by Wm Young of Philadel- 
phia, and by him provided with a Micrometer adapted both foi differential measuiements and for measuiemcnis 
of angle of position and distance. 

The othei Telescope is a five foot Achromatic by Frauuhoffei It, also, has been equatonally mounted and 
fitted with a Micrometer, by Young of Philadelphia, 
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The Meridian Circle is bj Pistoi and Martins The object glass of the Telescope has an apcitiuc (clcai; 
of foui and one-third inches, with a focal length of six feet The circles aie thiitj-six inches diameter 
minutely divided, and piovided each with two reading Micioscopes 

The Series of Astionomical observations, in which the co-operation of othei observeis is moie cspe(viall 3 
invited, will consist of differential m«asuiements, diuing ceitain portions of the yeais 1849, ’50, ’51 and ’52 
upon Vennis and Mars, with certain stars along their paths 

The obsenations upon Venus which will most command the attention of the Expedition, will be diffeien 
tial‘ measurements upon that planet, in the morning and e\ening, while it is ncai the infeiioi conjunctions o 
1850 and 1852. 

In like manner, Mais wiH be compaied with its neigliboring stars near the times of opposTion of that plant 
Ml 1849 and 1852 The object of these obsenations upon this planet, is a more accurate deteimination of it 
parallax 

To facilitate the observations and to seciiie conceit of action, so that tlie co-operators, in whatcvci pait o 
the world, may, m obseivmgthe planets, alwajs use the same stars of comparison, Lieut. Gilliss has piopaie 
the accompanying charts and tables. 

Cliaits No. 1 to 5, inclusne, refer to Venus ^ 6 arid 7 to Mars. 

Tliey show the approximate places of the planets from day to day lelatrvely to the stais, down to lli 
tenth magnitude, near then path. • 

In some parts of the paths of the planets, along which published catalogues do not afford propci slai 
of comparison, special observations have been made wuth the large Refractoi of the National Observatoij , tlj 
stais, whose approximate places have been thus obtained, are mapped down along the planet’s path. 

Tables 1 and 2 contain the Ephemeris of the planets, and the stars of compaiison. They g{\e the star ( 
comparison for each day, and quote its magnitude wnth its approximate mean place only 

The stars marked W C are from the unpublished obs'ervations of the Washington Catalogue ; as the 
have not undeigone then final leductions, their decimations aie only given to the nearest The othei stn 

are designated bj the initials oi name of the Catalogue from which thejr are taken 

In the Ephemendes of the tw^o planets and then neighboimg stai^, the mean places of the stais loi 1 
Januaiy of thejearfoi which the Ephemendes aie calculated, aie gi\en The object of such Ephcmerich 
n to give the place of the stai with accuracy sufficient meiely to lea-ve no doubt as to the identit} of the pait 
ciilar stai which all obseiveis aie requested to use dunngthe O'bseivations foi the day theieby pioMcled foi 
It IS lequested that those who may havrc the goodness t(f co-opeiate in thesfe ohseivation> will obsene tl 
so, both foi R A and Dec , at then meridian passage. 

iclei of obsenations, pioposed by Lieut Gilliss, is this — 

the teim of the Ephemeiis of Mars, diffeiential measurements upon that planet, and the stai ( 
)r the claj , will be commenced at two houis after the passage of the planet acioss the mciulidii ( 
nd be continued foi one houi and a half aflei the star and planet shall ha\ e passed tlic meridia 
ot Washington , obsen mg and compaimg with the star, the Ncith and South Limb of the planet altcuntely 
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Botli tlie planet and its star of comparison will also be obser\ed, with the Meridian Cucle, at then kansit 
^fioss the meridian of the Observatory in Chile 

The same course is proposed to be pursued, at meridian transit, with regard to Venus and hei stai of 
4. oinpaiisom 

Lieut GiUiss proposes to commence the diffeiential obseivations upon Venus and her stai of comparison, 
as gi\en m the Ephemeiis, as eaily in the eiening and morning, and to continue tliem as long as the light of 
the Sun and the conditions of the atmospheie may admit * 

Owing to the absence of stars of sufficient magnitude wiJiin 15° of the Sun, an omission is made m the 
Ephemeiis duiing the time that the planet will be within that distance of the Sun It is proposed, dining such 
internals, to rely exclusively on meridian observations, both at the Observatory in Chile and elsewhere. 

The piecise place m Chile, at which the Obseivatory is to be elected, will not be decided upon until the 
anival theie of the Expedition. 

Those Astionomers, who are disposed to forward the objects of the Expedition so far as to co-opeiate 
with it in conducting an auxiliaiy Senes of obseivations, will perceive that the results of then labors will be 
enhanced by using, whenever piacticable, the stars of compaiison which Lieut Gilliss has selected, and which 

aie gnen in tables 1 and 2, and by following geneially the plan of observations pioposed by him and herein 
\plained 

Each co-laboiei is requested to send aniiiuillyj to the Siipeiintendent of the National Observatoiy^ at 
Washington, his observations, with an account of the instruments with which they were made, togetliei with 
such othei information in relation thereto as is necessaiy to a full undei standing and appicciation of them and 
the leaiilts arising therefiom 


JuNL, 1849 


M F, MAURY, 

Lieut U S JVdvy. 
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TABLE I. 


EPHEMERIS 

OF 

VENUS AND HER STARS OF COMPARISON, 

DURING 

THE STATIONAKY PEEIOHS OF THE FIANET, 

* 


1850 & 1852 , 


BY LIEUT. J. M. OILLISS, U. S N 
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TABLE I — Ephemeiisfm 6hse.imng Venus in 1860 9 


DATE 

OBJECTS TO BE OBSERVED 

MAG 

RIGHT ASCENSION 

SOUTH 

OECXilNvX'I’lON 





H 

M S 

o 

A n 

1850 November 6 

VeRus 



17 

40 23 

27 

58 21 


w c 


7 8 

17 

43 53 

28 

1 0 

7 

Venus 



17 

43 4 

27 

58 14 


w c 


78 

17 

43 53 

28 

] 0 

s 

w c 


78 

17 

43 53 

28 

1 0 


Venus 



17 

45 38 

27 

57 41 

9 

Venus 



17 

48 6 

27 

56 38 


w c 


8 

17 

52 23 

27 

52 0 

i 10 

Venus 



17 

50 28 

27 

55 6 


w c 


8 

17 

52 23 

27 

52 0 

■ 11 

w c 


8 

17 

52 23 

27 

52 0 


Venus 



17 

52 42 

27 

53 5 

i 12 

Venus 



17 

54 50 

27 

50 36 


w c 


8 

17 

55 13 

27 

51 50 

1 13 

w c 


8 

17 

55 54 

27 

50 10 


Venus 



17 

56 50 

27 

47 3!) 

14 

Venus 



17 

58 42 

27 

44 13 


w c 


8 

17 

59 50 

27 

45 10 

15 

w c 


8 

17 

69 0 

27 

39 30 


Venus 



18 

0 26 

27 

40 21 

1 16 

Venus 



18 

2 2 

27 

36 1 


W C 


7 

18 

4 44 

27 

32 1 2 

I 17 

Venus 



18 

3 29 

27 

31 13 


W C 


7 

18 

4 44 

27 

32 1 2 

18 

Venus 



18 

4 47 

27 

m 

25 58 


W C 


7 

18 

G 58 

27 

27 20 

! 19 

Venus 



18 

5 55 

27 

20 15 


W C 


10 

18 

7 0 

27 

15 50 

20 

Venus 



18 

6 55 

27 

14 5 


W C 


10 

18 

7 0 

27 

15 50 

21 

Venus 



18 

7 44 

27 

7 28 


B A C 

6194 

56 

18 

8 40 

27 

5 30 

22 

Venus 



18 

8 23 

27 

0 23 


BAG 

6194 

56 

18 

8 40 

27 

5 30 

23 

Venus 



18 

8 64 

26 

52 51 


W C. 


9' 

18 

13 52 

26 

55 27 

3 ' Si-- ua-Jf 
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TABLE I — EpheTneris for o5semn|f' Venus in 1850 


OBJECTS TO BE OBSERVED MAG RIGHT ASCENSION SOUTH DECLINATION 


1850- November 24 

25 

26 

27 

28 


30 

December 1 
2 


Venus 
W C. 

Venus 
W. C 

Venus 

Taylor 

Venus 
W. C 

Venus 
B A C- 

Venus 
W C. 

w c 

Venus 

Venus 
W. C. 

W C. 
Venus 

Venus 
W C 

w. c 

Venus 

w. c 

Venus 


H C 33084 

Venus 

H C 33113 

Venus 

Within 15° of the sun 


H C 
Venus 


(double ) 


Venus 
H C 

Venus 
H C. 

H C 
Venus 


31649 

31564 

31462 



M 

s. 

O 

/ 

ft 

18 

9 

12 

26 

44 

49 

18 

18 

9 

26 

44 

1 

18 

9 

20 

26 

36 

21 

18 

15 

20 

26 

34 

0 

18 

9 

17 

26 

27 

23 

18 

12 

44 

26 

29 

23 

18 

9 

4 

26 

17 

57 

18 

10 

5 

26 

22 

40 

18 

8 

40 

26 

8 

2 

18 

11 

54 

26 

8 

28 

18 

8 

6 

25 

57 

38 

18 

9 

23 

25 

54 

0 

18 

6 

40 

25 

45 

10 

18 

7 

20 

25 

46 

43 

18 

6 

24 

25 

35 

19 

18 

7 

2 

25 

35 

40 

18 

4 

32 

25 

26 

0 

18 

5 

17 

25 

23 

25 

18 

4 

0 

25 

11 

2 

18 

4 

7 

25 

11 

0 

17 

58 

12 

25 

7 

0 

18 

2 

33 

24 

58 

8 

17 

59 

4 

24 

44 

0 

18 

0 

57 

24 

44 

45 

17 

65 

58 

24 

24 

2 

17 

59 

11 

24 

30 

53 

17 

56 

54 

24 

12 

7 

17 

57 

13 

24 

16 

34 

17 

15 

12 

19- 

30 

10 

17 

16 

38 

19 

34 

59 

17 

13 

27 

19 

16. 

50 

17 

14 

25 

19 

17 

59 

17 

11 

46 

19 

10 

5 

17 

11 

51 

19 

4 

13 







% 




TABLE I — Ephemeris for observing Venus in 1850 II 
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TABLE I — Ephemem for observing Venus in 1850. 


DATE 

OBJECTS TO BE OBSERVED 

MAG 

RIGHT ASCENSION 

SOUTH DECLINATION 





H 

M 

s 

o 

/ 

tf 

1851 January 14 

BAG. 

5839 

6.7 

17 

11 

10 

17 

35 

38 


Venus 



17 

12 

11 

17 

30 

9 

15 

Venus 



17 

13 

42 

17 

31 

42 


H C 

31643 

8 

17 

13 

62 

17 

33 

8 

16 

H C 

31643 

8 

17 

13 

52 

17 

33 

8 


Venus 



17 

15 

20 

17 

33 

40 

17 

H C 

31543 

S 

17 

13 

52 

17 

33 

8 


Venus 



17 

17 

7 

17 

35 

59 

18 

Venus 



17 

19 

0 

17 

38 

46 


H C 

31784 

89 

17 

20 

56 

17 

40 

54 

19 

Venus 



17 

21 

0 

17 

41 

50 


H C 

31791 

8 

17 

21 

14 

17 

41 

■]4 

20 

Venus 



17 

23 

7 

17 

45 

8 


H C 

31931 

8 

17 

25 

14 

17 

43 

35 

21 

H C 

31931 

8 

17 

25 

14 

17 

43 

35 


Venus 



17 

25 

20 

17 

48 

43 

22 

H C 

32010 

7,8 

17 

27 

29 

17 

45 

26 


Venus 



17 

27 

40 

17 

52 

30 

23 

H C 

31954 

7 

17 

25 

47 

18 

6 

47 


Venus 



17 

30 

6 

17 

56 

29 

24 

Venus 



17 

37 

37 

18 

0 

36 


Taylor 

8219 

78 

17 

38 

41 

18 

2 

42 

25 

Venus 



17 

35 

14 

18 

4 

50 


Taylor 

8219 

78 

17 

38 

41 

18 

2 

42 

26 

Venus 



17 

37 

56 

18 

9 

4 


H C 

32426 

8 

17 

38 

40 

18 

2 

49 

27 

Venus 



17 

40 

44 

18 

13 

30 


H C 

32706 

9 10 

17 

46 

19 

18 

15 

33 

28 

Venus 



17 

43 

36 

18 

17 

54 


H C 

32706 

9 10 

17 

46 

19 

18 

15 

33 

29 

H C 

32706 

9 10 

17 

46 

19 

18 

15 

33 


Venus 



17 

46 

34 

18 

22 

18 

30 

Venus 



17 

49 

36 

18 

26 

39 


H C 

32937 

8 

17 

52 

24 

18 

30 

8 

31 

H C 

32937 

8 

17 

52 

24 

18 

30 

8 


Venus 



17 

52 

42 

18 

30 

57 



14: TABLE I — Ephenfieris foo observing Venus in 1852 


DATE 

OBJECTS TO BE OBSERVED 

MAG 

RIGHT ASCENSION 

NORTH DECLINATION 





H 

M 

s 

0 

/ 

// 

1852 May 29 

Bessel 

339 

9 

7 

37 

46 

24 

11 

0 


Venus 



7 

39 

26 

24 

17 

56 

30 

Bessel 

339 

8 

7 

42 

29 

24 

6 

16 


Venus 



7 

42 

46 

24 

6 

46 

31 

Venus 



7 

46 

0 

23 

55 

17 


Bessel 

339 

8 

7 

47 

17 

24 

0 

40 

June 1 

Venus 



7 

49 

10 

23 

43 

29 


H C 

15548 

78 

7 

50 

53 

23 

35 

0 

2 

H C 

15548 

78 

7 

50 

53 

23 

35 

0 


Venus 



7 

52 

15 

23 

31 

25 

3 

H C 

15551 

9 

7 

50 

58 

23 

19 

13 


Venus 



7 

55 

16 

23 

19 

6 

4 

BAG 

2700 

6 

7 

57 

32 

23 

3 

15 


Venus 



7 

58 

11 

23 

6 

31 

5 

Bessel 

279 

9 

7 

69 

15 

22 

50 

45 


Venus 



8 

1 

1 

22 

53 

44 

6 

Venus 



8 

3 

46 

22 

40 

43 


H. C 

16016 

9 10 

8 

4 

5 

22 

49 

13 

7 

Venus 



8 

6 

26 

22 

27 

31 


Bessel 

278 

9 

8 

6 

55 

22 

19 

6 

8 

Bessel 

278 

9 

8 

6 

55 

22 

19 

6 


Venus 



8 

9 

0 

22 

14 

9 

9 

H C 

16236 

8.9 

8 

10 

15 

21 

57 

10 


Venus 



8 

11 

28 

22 

0 

38 

10 

Venus 



8 

13 

50 

21 

46 

59 


Bessel 

278 

9 

8 

15 

14 

21 

51 

16 

11 

Venus 



8 

16 

6 

21 

33 

12 


H C 

16582 

7 

8 

19 

29 

21 

38 

29 

12 

Venus 



8 

18 

16 

21 

19 

21 


H C 

16659 

9 

8 

21 

44 

21 

21 

3 

13 

Venus 



8 

20 

20 

21 

5 

24 


H C 

16677 

9 10 

8 

22 

21 

21 

8 

36 

14 

H C 

16641 

: 9 

8 

20 

53 

20 

55 

7 


Venus 



8 

22 

17 

20 

51 

25 

15 

Venus 



8 

24 

7 

20 

37 

23 

- 

H C 

17013 

8 

i 

8 

31 

11 

20 

36 

20 



TABLE I — Epheimiis for obsetmng Venus in 1852. 
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DATE, 

OBJECTS TO BE OBSERVED 

MAG, 

RIGHT ASCENSION 

NORTH declination 

1852. 

June 16 

Venus 

H C 

16851 

8 

H 

8 

8 

M 

25 

27 

S 

60 

U 

o 

20 

20 

/ 

23 

16 

u 

21 

48 


17 

Bessel 

Venus 

277 

9 

8 

8 

24 

27 

44 

25 

20 

20 

8 

9 

57 

19 


18 

Venus 

H C 

16931 

89 

8 

8 

28 

29 

54 

10 

19 

20 

55 

1 

19 

58 


19 

H C 

Venus 

16940 


8 

8 

29 

30 

17 

14 

19 

19 

46 

41 

52 

22 


20 

Venus 

Rumkei 

2615 

9 

8 

8 

31 

33 

27 

30 

19 

19 

27 

26 

29 

8 


21 

Venus 

Bessel 

277 

7 

8 

8 

32 

37 

32 

4 

19 

19 

13 

21 

42 

b 


22 

Bessel 

Venus 

274 

-9 

8 

8 

32 

33 

34 

28 

19 

19 

0 

0 

45 

2 


23 

Bessel 

Venus 

274 

9 

8 

8 

32 

34 

23 

16 

18 

18 

46 

46 

15 

31 


24 

Venus 

Bessel 

274 

9 

8 

8 

34 

39 

55 

22 

IS 

18 

33 

35 

9 

45 


25 

Venus 

Bessel 

274 

S 

8 

8 

35 

39 

25 

57 

18 

18 

19 

11 

59 

51 


26 

Venus 

Bessel 

274 

8 

8 

8 

35 

38 

46 

5 

18 

18 

7 

2 

1 

3 


27 

Venus 

Bessel 

274 

9 

8 

8 

35 

39 

57 

42 

17 

17 

54 

56 

16 

11 


28 

Venus 

Bessel 

274 

9 

8 

8 

35 

38 

59 

56 

17 

17 

41 

49 

47 

7 


29 

H C 

Venus 

16974 

8 

8 

8 

30 

35 

6 

52 

17 

17 

34 

29 

33 

35 


30 

Venus 

Rumker 

2644 


8 

8 

35 

38 

35 

53 

17 

17 

17 

6 

39 

32 


July 1 

Venus 

Rumker 

2644 


8 

8 

35 

38 

8 

53 

17 

17 

6 

6 

2 

32 


2 

Venus 

Bessel 

273 

9 

8 

8 

34 

36 

31 

7 

16 

16 

54 

56 

43 

21 


3 

Rumkei 

Venus 

2607 

8 

8 

8 

31 

33 

20 

44 

16 

16 

39 

43 

37 

50 


10 TABLE I — Ephermns for ohseiving Venus m 1852 


J • DATE 

OBJECTS TO BE OBSERVED 

MAG 

RIGHT ASCENSION 

NORTH DECLINATION 

1 




H 

M 

S 

O 

t 

II 

i 1852, July 4 

Rumkeir 

260^ 

8 

8 

31 

20 

16 

39 

37 


Venus 



8 

32 

48 

16 

33 

16 

6 

Venus 



8 

31 

42 

16 

23 

5 


Bessel 

273 

9 

8 

33 

54 

16 

15 

31 

6 

Bessel 

273 

9 

8 

27 

■55 

16 

13 

37 


Venus 



8 

30 

26 

16 

13 

19 

, 7 

Bessel 

273 

9 

8 

28 

38 

16 

9 

49 


V eniis 



8 

29 

2 

16 

3 

57 

' 8 

Bessel 

273 

9 

s 

23 

20 

n 

55 

13 


Venus 



8 

27 

28 

15 

55 

1 

1 * 9 

Bessel 

273 

7,8 

8 

24 

24 

15 

46 

22 


Venus 



8 

25 

45 

15 

46 

31 

10 

Bessel 

273 

8 

8 

19 

39 

15 

35 

2 


Venus 



8 

23 

55 

15 

38 

28 

‘ 11 

Bessel 

273 

8 

8 

19 

39 

15 

35 

2 


Venus 



8 

21 

66 

15 

30 

53 

! 

Bessel 

273 

9 

8 

18 

30 

15 

24 

36 


Venus 



8 

19 

51 

15 

23 

45 

! 13 

Venus 



8 

17 

37 

15 

17 

6 


Bessel 

273 

8 

8 

18 

39 

15 

18 

18 

i 

Venus 



S 

15 

19 

15 

10 

56 

f 

Bessel 

273 

89 

8 

18 

16 

15 

11 

59 

, 15 

Venus 



8 

12 

55 

T5 

5 

1 [ 


Bessel 

273 

9 

8 

13 

37 

15 

4 

41 

16 

Within 15^ 

of the sun 








i 25 

H C. 

15265 

8,9 

7 

43 

5 

11 

32 

42 


Venus 



7 

44 

41 

14 

33 

52 

26 

Venus 



7 

42 

21 

14 

33 

41 


H. C. 

15265 

89 

7 

43 

5 

14 

32 

42 

1 27 

H C 

15139 

89 

7 

39 

16 

14 

30 

39 


Venus 



7 

40 

7 

14 

33 

53 

00 

Venus 



7 

38 

0 

14 

34 

23 


H C 

15139 

89 

7 

39 

16 

14 

30 

39 

29 

H C 

14961 

6,7 

7 

33 

42 

14 

33 

10 


Venus 



7 

36 

ADOCWr.XBXit 

1 

14 

35 

25 




TABLE I — Ephemens foi ohsemng Venus in 1852 


17 


DATE 

Objects to be obseeved 

MAO. 

RIGHT ASCENSION 

NORTH DECLINATION 





H 

M 

s 

O 

/ 

n 

1852 July 30 

H. C 

14961 

67 

7 

33 

42 

14 

33 

10 


Venus 



7 

34 

8 

14 

36 

43 

31 

H a 

14861 

7 

7 

29 

29 

14 

40 

18 


Venus 



7 

32 

25 

14 

38 

19 

August 1 

’ H C, 

14861 

7 

7 

29 

29 

14 

40 

18 


Venus 



7 

30 

50 

14 

40 

14 

2 

Venus 



7 

29 

25 

14 

42 

25 


H C 

14861 

7 

7 

29 

29 

14 

40 

18 

s 

Veuus 



7 

28 

9 

14 

44 

51- 


Bessel 

273 

8 

7 

30 

57 

14 

47 

48 

4 

Venus 



7 

27 

3 

14 

47 

31 


Bessel 

273 

8 

7 

30 

57 

14 

47 

48 


H a 

14596 


7 

22 

56 

14 

48 

38 


Venus 



7 

27 

3 

14 

50 

24 


H C 

14596 

9 

7 

22 

56 

14 

48 

38 


Venus 



7 

25 

21 

14 

53 

27 

7 

Venus 



7 

24 

46 

14 

56 

41 


Bessel 

273 

9 10 

7 

30 

37 

14 

53 

44 

8 

Venus 



7 

24 

€9 

15 

0 

2 


Bessel 

273 

9.10 

7 

30 

37 

14 

53 

44 

9 

Venus 



7 

24 

3 

15 

3 

29 


Nearest 

star 








10 

Venus 



7 

23 

57 

15 

7 

2 


Bessel 

276 

9 

7 

26 

50 

15 

15 

7 

11 

Venus 



7 

24 

'0 

15 

10 

38 


Bessel 

276 

9 

7 

26 

50 

15 

15 

7 

12 

Venus 



7 

24 

14 

15 

14 

17 


Bessel 

276 

■9 

7 

26 

50 

15 

15 

7 

13 

Venus 



7 

24 

36 

15 

17 

56 


Bessel 

276 

9 

7 

26 

50 

15 

15 

7 

14 

Ven-as 



7 

25 

8 

15 

21 

34 


Bessel 

276 

89 

7 

29 

27 

15 

24 

49 

15 

Venus 



7 

25 

48 

15 

25 

11 


Bessel 

276 

89 

7 

29 

27 

15 

24 

49 

16 

Venus 



7 

26 

38 

15 

28 

43 

K 

Bessel 

276 

8.9 

7 

29 

27 

1 

15 

24 

49 




Ig TABLE I — Eplmmns for ohsemng Venus in 1852 


DATE 

OBJECTS TO BE OBSERVED 

MAG 

RIGHT ASCENSION 

NORTH DECLINATION 






M 

& 

O 

r 

!/ 

1852, August 17 

Bessel 

276 

9 

T 

23 

64 

15 

35 

37 


Venus 



7 

27 

35 

15 

32 

11 

18 

Bessel 

276 

9 

7 

23 

54 

15 

35 

37 


Venus 



7 

28 

42 

15 

32 

11 

19 

Venus 



7 

29 

56 

15 

38 

47 


Bessel 

273 

9 

7 

31 

30 

15 

40 

20 

20 

Venus 



7 

31 

17 

15 

41 

53 

' 

Bessel 

273 

9 

7 

31 

30 

15 

40 

20 

21 

Bessel 

273 

8 

7 

32 

43 

15 

40 

27 


Venus 



7 

32 

47 

15 

44 

49 

22 

Bessel 

273 

9 

7 

33 

48 

15 

49 

57 


Venus 



7 

34 

24 

15 

47 

33 

‘ 23 . 

Bessel 

273 

9 

7 

33 

48 

15 

49 

57 


Venus 



7 

36 

8 

15 

50 

0 

24 

Venus 



7 

37 

58 

15 

52 

25 


H C 

15125 

9 

7 

38 

58 

15 

53 

10 

25 

H a 

15125 

9 

7 

38 

58 

15 

53 

10 


Venus 



7 

39 

55 

15 

64 

30 

26 

H C. 

15125 

9 

7 

38 

58 

15 

53 

10 


Venus 



7 

42 

1 

15 

56 

20 

27 

Venus 



7 

44 

9 

15 

57 

53 


H C 

15338 

9 

7 

44 

53 

15 

58 

50 

28 

H C 

15338 

9 

7 

44 

53 

15 

58 

50 


Venus 



7 

46 

25 

15 

59 

18 

29 

H C. 

15338 

9 

7 

44 

53 

15 

58 

50 


Venus 



7 

48 

47 

16 

0 

5 

30 

Venus 



7 

51 

14 

16 

0 

43 


Bessel 

273 

9 

7 

53 

31 

15 

58 

6 

31 

Bessel 

273 

9 

7 

53 

31 

15 

58 

6 


Venus 



7 

53 

46 

16 

1 

24 

September 1 

Bessel 

273 

9 

7 

53 

31 

15 

58 

6 


Venus 



7 

66 

24 

16 

0 

57 

2 

Bessel 

273 

9 

7 

53 

31 

15 

58 

6 


Venus 



7 

69 


16 

0 

32 

3 

Venus 



8 

1 

54 

15 

59 

44 


H C 

16068 

9 

8 

5 

27 

16 

4 

30 

- 



TABLE I — Epkemetis for observing Venus in 1852 
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OBJECTS TO BE OBSERVED MAG RIGHT ASCENSION NORTH DECLINATION 


Septembei 4 Venus 

H C 

5 Venus 
Bessel 

6 Venus 
Bessel 

7 Bessel 
Venus 

8 Bessel 
Venus 

9 Bessel 
Venus 

10 Venus 
Bessel 

11 Venus 

• Bessel 

12 Bessel 
Venus 

13 Bessel 
Venus 


H M S 

8 4 45 

8 5 27 

8 7 41 

8 11 51 

8 10 42 
8 11 51 

8 11 51 
8 13 46 

8 15 1 

8 16 54 

8 15 1 

8 20 6 

8 23 21 
8 24 24 

8 26 39 
8 29 46 

8 29 41 
8 30 1 

8 29 41 
8 33 25 


15 58 34 

16 4 30 

15 57 0 

15 55 51 

15 55 1 

15 55 51 

15 55 51 
15 53 42 

15 44 36 
15 49 48 

15 44 36 
15 46 33 

15 42 52 
15 46 22 

15 38 43 
15 39 0 

15 32 40 
15 34 8 

15 ^2 40 
15 29 6 




TABLE II. 




EPHE MERIS 

OF 

m 

MARS AND ITS STARS OF (DMPARISON, 

DURING 

THE OPPOSITION OF THE PLANET, 


1849 & 1852 , 


BV L.1EUT Sr GILI^ISS, USX 


6 




22 TABLE II — Ej^heiney'is for observing Mars in 1849 



OBJECTS TO BE OBSERVED 

MAG 

RIGHT ASCENSION 

NORTH DECLINATION 






H 

M 

s 

o 

1 

// 

1849 No\embei 

1 

Bessel 

348 


6 

18 

48 

24 

20 

52 



]\lars 



6 

25 

30 

24 

18 

43 


5? 

Bessel 

• 

00 

CO 

9 

6 

18 

48 

24 

20 

52 



Mars 



6 

25 

52 

24 

21 

9 


3 

Mars 



6 

26 

12 

24 

23 

37 



Bessel 

348 

9 

6 

27 

55 

24 

31 

37 








# 





4 

Mais 



6 

26 

27 

24 

26 

11 



Bessel 

348 

9 

6 

27 

55 

24 

31 

37 


5 

Mais 



6 

26 

40 

24 

28 

47 



Bessel 

348 

9 

6 

27 

55 

24 

31 

37 

M 

6 

Mais 


• 

6 

26 

47 

24 

31 

26 

* 


Bessel 

348 

9 

6 

27 

55 

24 

31 

37 


7 

Mars 



6 

26 

52 

21 

34 

10 



Bessel 

348 

7 8 

6 

29 

6 

24 

35 

6 • 


8 

Mara 



6 

26 

54 

24 

36 

56 



Bessel 

348 

78 

6 

29 

6 

24 

35 

6 


9 

Mais 



6 

26 

51 

21 

39 

48 



BAG 

2154 

67 

0 

28 

15 

24 

42 

32 


10 

Mars 



6 

26 

45 

24 

42 

44 



BAG 

2154 

6 7 

6 

28 

15 

■ 24 

42 

32 


11 

Mais 



6 

26 

35 

24 

45 

43 



BAG 

2154 

67 

6 

28 

15 

24 

42 

32 


12 

H C 

12557 

9 

6 

25 

51 

24 

41 

12 



Mars 



6 

26 

21 

24 

48 

47 


13 

H C 

12557 

# 

9 

6 

25 

51 

24 

44 

42 



Mars 



6 

26 

3 

•24 

51 

53 


14 

Mai s * 



6 

25 

41 

24 

55 

2 



Bessel 

348 

9 

6 

28 

47 5 

24 

58 

22 


15 

Mars 



6 

25 

16 

24 

58 

15 



Bessel 

348 

9 

6 

28 

47 5 

25 

58 

22 


16 

Mars 



6 

24 

46 

25 

1 

31 



H C. 

12554 

8 

6 

25 

48 

25 

2 

4 


17 

Mars 



6 

24 

13 

25 

4 

48 

• 


H C 

12558 

9 

6 

25 

48 

25 

2 

4 


18 

Bessel 

348 

9 

6 

19 

54 

25 

9 

35 



Mars 



6 

23 

36 

25 

7 

9 


TABLE II — Ephemetisfor observing Maes in 1849, 
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IS to 


DATE 

OBJECTS TO BE OBSERVED 

MAG 

RIGHT ASCENSION 

VORTH DECLINATION 





H 

M 

s 

0 

/ 

If 

jMo\ombei 19 

Bcssrl 

348 

9 

6 

19 

54 

25 

9 

35 


M<iis 



6 

23 

55 

25 

11 

34 

20 

Bcsfecl 

523 

9 

6 

21 

15 

25 

13 

36 


Mars 



6 

23 

11 

25 

14 

54 

21 

Bc^^sel 

523 

9 

6 

21 

15 

25 

13 

36 


Mais 



6 

21 

22 

25 

18 

19 

22 

Mnis 



6 

20 

30^ 

25 

21 

45 


Bc&fael 

523 

9. 

6 

24 

2 

25 

22 

24 

33 

Bessel 

523 

9 

6 

18 

9 

25 

26 

47 


JMars 



6 

19 

34 

25 

25 

10 

21 

Mills 



6 

18 

35 

25 

28 

36 


Bc&scl 

523 

9 

6 

21 

45 

25 

30 

43 

ft 

25 

ATcir^ 


« 

6 

17 

32 

25* 

32 

1 


Bcbsel 

323 

9 

6 

21 

45 

25 

30 

43 

26 

Mars 



6 

16 

25 

25 

35 

25 


11 C 

12337 

9 

6 

16 

51 

25 

35 

35 

27 

Mais 



6 

15 

16 

25 

38 

47 


H C 

12240 

8 

6 

16 

58 

25 

40 

39 

28 

Mai s 



6 

14 

2 

25 

42 

8 


H C- 

12240 

8 

6 

16 

58 

25 

40 

39 

29 

H C 

12041 

8 

6 

11 

18 

25 

40 

19 


Mats 



6 

12 

45 

25 

45 

25 

30 

JM.'is 



6 

11 

26 

25 

48 

40 1 


liOssel 

405 

9 

6 

11 

37 

25 

45 

34 

\}i ( 4 inbi'i 1 

M.llh 



6 

10 

4 

25 

51 

51 


H C 

11996 

9 

6 

10 

8 

25 

44 

21 

2 

]\[ars 



6 

8 

39 

25 

54 

37 


Bcsm 1 

523 

9 

6 

9 

2 

23 

56 

35 

3 

Mars 



6 

7 

11 

35 

58 

0 


Bessel 

523 

9 

6 

9 

2 

25 

56 

35 

4 

II C, 

11714 

9 

• 6 

2 

26 

26 

0 

48 


Mais 



6 

5 

41 

26 

0 

56 

5 

H C 

11714 

9 

6 

2 

26 

26 

0 

48 


Mais 



6 

4 

8 

26 

3 

47 


0 


* Di>u1)1p 


Oliserve south preceding stai 



24 TABLE II — Ephemerxs foi observing Mars in 1849 


DATE 

OBJECTS TO BE OBSERVED 

MAG 

RIGHT ASCENSION 

NORTH DECLINATION ' 





H 

M 

s 

o 

f 

" 1 

1849 Docombei 6 

H C 

11714 

9 

6 

2 

26 

26 

0 

48 


Mars 



6 

2 

33 

26 

6 

81 

7 

Mars 



•6 

0 

56 

26 

9 

9 i 


Bessel 

405 

89 

6 

1 

34 

26 

2 

19 1 

8 

Bumkei 

1701 


5 

57 

14 

26 

20 

11 * 


Mars 



5 

59 

18 

26 

11 

39 

9 

Rumkei 

1701 


5 

57 

14 

26 

20 

11 1 


Mars 



5 

57 

37 

26 

14 

1 1 

10 

Rumkei 

1673 


5 

54 

7 

26 

16 

32 


Mars 



5 

55 

56 * 

26 

16 

25 

n 

Rumkei 

1673 


• 5 

54 

7 

26 

16 

32 


Mars 



5 

45 

13 

26 

18 

20 

12 

Mais 

• 


5 

52 

28 

26 

20 

17 i 


Rumkei 

1680 

8 

5 

54 

32 

26 

21 

1 

13 

Mais 
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15 
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9 
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26 

27 
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5 

47 

13 

26 

25 

12 

16 

Mars 



5 

45 

28 

26 

26 

32 ; 


Bessel 

405 

9 

5 

46 

16 

26 

27 

17 

17 

Mars 



5 

43 

42 

26 

27 

42 


Bessel 

405 

9 

5 

46 

16 

26 

27 

17 

1 

18 
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5 

41 
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26 

28 
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9 

5 

46 

16 

26 

27 
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19 
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40 

13 

26 

29 

34 , 


Bessel 
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9 

.5 

46 

16 

26 

27 

17 

20 

Bessel 

405 

7 

5 

29 

34 

26 

32 

4 


Mars 



5 

38 

30 

26 

30 

17 

21 

Bessel 

. 405 

7 

5 

29 

34 

26 

32 

4 : 


Mars 



5 

36 

48 

26 

30 

50 j 

22 

Bessel 

405 

7 

5 

29 

34 

26 

32 

4 


Mars 



5 

35 

7 

26 

31 

14 

23 

Bessel 

405 

7 

5 

29 

34 

26 

32 

4 


Mars 

. 


5 

33 

27 

26 

31 
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TABLE II. — Ep/iamerisfor observing Mars in 1850. 


D.ATE.. 


OBJECTS TO EE OBSERVED, 


1850. 


January 11 
12 

13 


14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

■24 

25 

26 

27 

28 


Bessel 

Mars 

Bessel 

Mars 

Bessel 

Mars 

Bessel 

Mars 

Bessel 

Mars 

Bessel 

Mars 

Bessel 

Mars 

Bessel 

Mars 

Mars 

Bessel 

IMars 

Bessel 

Mars 

Bessel 

Mars 

Bessel 

Mars 

Bessel 

Mars 

Bessel 

Mars 

Bessel 

Mars 

Bessel 

Mars 

Bessel 

Mars 
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MAG-.. 
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396 

:396 
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8 

8 

8 
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5 3 3 

5 . 10 11 


5 3 3 
5 9 30 


8 53 

3 3 
8 20 


50 


i) 

24 

3 

1 


42 


6 27 
10 45 


5 6 15 

5 10 45 


5 10 45 

5 6 2 

5 10 45 

5 * 6 1 

5 10 45 

5 6 4 

5 10 45 

5 6 9 

5 10 45 

5 6 17 

5 10 45 

5 6 29 

5 10 45 

5 6 44 

0 10 45 


26 16 33 

26 18 54 

26 16 33 
26 17 50 

26 K) 33 
26 16 47 

28 16 33 

26 15 44 

26 16 33 
26 14"' 42 

26 16 33 

26 13 41 

26 16 33 

26 12 43 

26 16 33 

26 1 1 46 

26 10 52 

26 5 56 


26 10 
26 


3 


0 

56 


26 9 10 

26 5 56 

26 8 22 

26 5 56 


26 

26 


37 

56 


26 G 55 
26 5 56 

2(> 

26 

26 
26 

26 
26 


0 16 
5 56 

5 41 
5 56 


6 

56 


26 4 34 
26 5 56 
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DATH 

OBJECTS TO BE OBSERVED 

1852- JanauaTy 2 

Bessel 

Mais 

275 

3 
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Mais 

275 

4 

Mars 

H C, 

18132 

5 

Mars 
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278 

6 
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Mais 
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Mars 
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9 
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Mais 
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Mars 
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11 
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12 
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13 
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278 
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Mars 
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23 
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7 
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24 
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8 
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{0 
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15 
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25 
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8 

27 

33 

24 
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1 
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344 

0 
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28 

15 
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40 

26 
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8 
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23 

50 

j5 
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TABLE II — E])Jve7ne)is for 


DATE 

OBJECTS TO BE OBSEEYED 

1S52 FebiUtiry 7 

Bessel 

Mais 

341 

8 

Mars 

Bessel 

341 

9 

Mars 

Bessel 

341 

10 

Bessel 

Mars 

341 

11 

Bessel 

Mars 

341 

12 

Bessel 

Mais 

341 

. 13 

Bessel 

Mars 

341 

14 

Bessel 

Mais 

341 

15 

Bessel 

Mars 

341 

16 

Bessel 

Mars 

341 

17 

Bessel 

Mars 

341 

18 

Mais 

Bessel 

341 

' 19 

Mars 
^ Bessel 

341 

20 

Mars 

Bessel 

341 

21 

Mais 

Bessel 

341 

22 

Mai"s 
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341 

23 

Mars 
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341 

24 

t 

Mars 
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341 


observing Mars in 1852 
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24 
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24 
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59 
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51 

22 
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3 

16 

21 

51 
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9 

7 

59 

27 

24 

51 

22 


8 

2 

3 

24 

53 

54 

9 

7 

59 

27 

21 

51 

22 
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0 

55 

24 

55 

47 

9 

7 

55 

17 

21 

51 

0 


7 

50 

45 

24 

57 

27 

9 

7 

55 

5 
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59 

IG 


7 

58 
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24 
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55 
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40 
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56 
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0 

7 46 
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21 
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7 49 
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09 
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7 46 
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07 

wO 


Mars 



7 49 

31 
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:u> 

57 

10 
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7 46 

53 

21 

07 

5t) 


Mars 



7 40 

48 

21 

01 

11 

11 

Mars 



7 50 

8 

24 

01 

17 


Bessel 

339 

9 

7 50 

58 

21 

29 

10 

12 

Mars 



7 50 

30 

21 

2S 

17 


Bessel 

339 

9 

7 50 

58 

21 

29 

10 

13 

Mars 



7 50 

56 

21 

25 

9 



Bessel 

— — 

339 

9 

7 50 

58 

21 

29 

10 
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1S52 iMaulil-l j^Iais 

H C 

15 Mais 
H C 


15608 


15608 


RIGHT 

A.SCENSIOJN- 

Nuiirii 

dle: 

LiN 

H 

M 

s 

0 

/ 

n 

7 

51 

24 

24 

21 

55 

7 

52 

38 

24 

19 
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51 

55 

24 

IS 

34 
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52 

38 

24 

19 
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ODPEPJIEHIE PA3H0GTH AOirOT'B HIlKOJAEBi H 

BATTMA 

Ta.'b 1884 ronr. 


JliTOMi 1884 rosa, no npeffioateniK* naHaiBHHEa Boenno-Tono- 
Tpa^mecsaro OTA^Jta na EasBas^ renepajiB-icaiopa CxedHin^iaro, 
.cfl^feaaHO (Shio onpejffejieHie jojiroTH BaTyna OTHOcnxejiBHO Hhko- 
jiaesa nonon^Bio xeierpa^a. Fadoxa axa dBuia ncnoJraeHa noEon^- 
HHBOMi reHepaiTb-Maiopa CxedBiHEpKaro renepajfBHaro mxa^a noji- 
EOBHHKOM'B KyjiB6eproM'B H BcxpoHOMOMB MopcKofi o6cepBaxopiH 
FB HBEOJtaeB'B Eopxanjii^B. Ho nporpanu^, sapan'lte cocxaBJieHHoii 
odoBEH HadjnoffaxeEEUE, onfeA^jcenie aojuebo 6ei;io ocnoBiiBaxBCE 
na HaCjiroffeHiax'B 12-fH BelfepOB-B, 'cb jiisyEpaxHob nepeM'^Horo 
E^CTB Ha6jiK>;i:axejii:ea IIonpaBBa xpOHOMexpoBB onpeA^JiamcB 
nepenocHBiEE naccaasEBiMH iiacxpyMeBxaHB:, pa^oxn nexaHHEa 
FepScia be IlyxEOBi, bobih osanaEOBaro ycxpoflcxBa, no cnocody 
B E JljexjieHa bb BepxBEai^ nojrapHofl: sb^s^h; npn axcux Eam- 
Ha($xH>Aaxej!iB, npn dEaronpiaxHoS noroA^, AoxaienB diiAB 
EaKA^S BeaepB CA^xaxB Asa onpeA^ema BpesieHB, pacnoaaraa 
uxB, no BOSMoacsocxn, xanx, axodn cpaBaema xpoHOxexpoBX 
odoBXT) nadaioAaxeaefl saEaionaancB xeacAy hemii. 

CpaBHenia bxh A^JiaJiHCB nocpeACXBOMX cnrHaAOBB, nepeAasae- 
EHXB HBB'tcxHBiMB cnocoSoMB HO xeiexpa^y MeaaAy od^Hira cxan- 
BiflMH, npndaasHxeaBHO BcexAa bb oaho h xo ase Bpexa. IIo xo- 
AaxaficTBy renepaaB-Maiopa OxednanEaro AnpeKxopB xeaerpacjinaro 
Aenapxaxenxa npoAocxaBHAB nadaioAaxeAaMB npaBo desnaaTHaro 
noiBSOBaHia xeaerpa^HOio aaHieio, aji® noAann CBrnaaoBB eaie- 
AHBBno, Ha Bce speMa padoiH oxb 10 ao 11 aacoBB neaepa no 
IlexepdyprcKOMy BpeMeira. BnpoaeMB, bb cayaaaxx, EOXAa xeae- 
xpa^Hoe coodn^eHie dHAo ae cobc^hb ncnpaBHjo, r r. naaaABHHBn 


TCJterpa^HHX'B CTaHn,i0 ne npenaTCTBOsajiH HadaiOAaTejiflM'B no.nb- 
soBaTBca aHHieio h nicKoaBKO nosate onpefliaenHaro BpeMCHii. 
Boodme HeoSxosHiio saMfeaTB, axo bc 4 qaHH Teaerpa(J>Hax’0 b'Ij- 
jOMCTBa BecBMa sadoiaHBO othocmhcb kb nponsBOSHBmefiCii pa- 
6oTi, BE ynoTpeSaaan bc§ m^ph kb ycninmoiiy ea snaoJiHeHiio 

PascToanie Mea^y o6ohmh nyHKTaMH, no aHHm npoBO^OBB, 
HflymeS OTB HaKoaaeBa ^epesB CaM(i)eponoaB, Kep^B, EicaTepu- 
HosapB, reopnescKB, TnfaHCB, EyiaHCB, BaiyiiB, cocTaBaaio 
OKoao 1 600 BcpcTB. y^i^iiHBniacB bb nanaai padoTti, nxo Caxa- 
pen BB 100 — 120 saeMCHTOBB, ycTanoBaenEHa aa oOohxb ku- 
HeKHHXB nyHKiaxB, HeflOcxaioaHH ^aa npaMaro a'^ficTsia, p'l>- 
nrcHo fiaao ycxpoETB Tpancaamro bb EKaTepHHOflapi, itoTopoio 
saxiMB H noaBSOBaaacB nocToanHo. 3 to oScToaxeaBCTBO, koiio'iuo, 
floajEHO diiao yBeaaHHTB, xaKB HasHBaeiioe, sajuedMme mona n])u 
nepe^ani carnaaoBB, ho, KaKB yBHSHMB hh^o, nocToancTBO OToro 
saiie^aeak jaexB hobo^b HaffSaTsca, kto tokhoctb onpeA'feJioHnoii 
AoaroTH OTB BToro He yMeHBHiHaacB Jl^aa HCKaionefiia nocTOjni- 
Ho@ oniE6KH, BosMoaiHOH Bca'l;ii;cTBie HeoffHHaKOBaro 3 aMc;i; leiriii 
TOKa BB oOoHXB peae, no eotophmb npHHHMaancB cnrHajim, naiu- 
SHfl HaSaKflaxeaB "n^e¥6iHaB”cBoe~peie codoiof 

Bb HHKoaaeBi naSaiofleHia nponsBOflHaHCB bb uaiofi Bpam,aio- 
mefiea 6amH^ oOcepBaTopm, bb Baiyii'S — na khphhhhomb. CToao'fe, 
HOCTpoeHHOMB HoaKOBHHKOMB KyaiOeprOMB Ha npHMopcKOM.'r> (>y.ii»- 
sapi, BSansH flOMa, bb eotopomb hmb Snaa ycipoena BpeMoniiaa 
leaerpa^Haa CTannia CxoafiB ototb csaaaHB TpHroHOMeTpiinochu 
HOaKOBHHKOMB KyaB^eprOMB CB BaTyMCKHMB MaaKOMB H CB Me- 
TOTBIO ASHSie. 

Ha^arosema diiaH nanaTH ^ OKOH^ienii ceiixadpa , TaKT. 
HTo nposoamaancB seero noaiopa M§cai];a, hsb kohxb 2 noAiui 
diian ynoTpedaenii na ji;Ba nepeisfla Hadaioflaxeaeit, co(>CTB<‘ini(y 
ase ffaa noayMeHia 12-t0 onpeftiaenia noipedoBaaocB 32 ,tm! 
9 to saMe^aeme npoESoniao raaBHHMB odpasoiiB Bca'fe^crsio Mpe:; 
BHnafiHO floainaHBofi noroflH bb BaxyM^, nacTtio jko bcji'Ijacxhic 
noBpeffi?;eHia xeaerpa^a Jl^aa ncayEema KajK^aro onpe;i,'l!.tPHiii 
ipedoBaaacB acnaa noroAa bb o6ohxb nyHKxaxB n irciipaBUtK' 
cocxoaHie aHHiH, h, npH cxoaB SHa^ExeaBHOiiB pascToaHiii laojiv’ty 
nyHKxaMH, bth xpn ycaoBia pi^KO coBnasaan. HsB-Ijcrno, mxo 


CHpyio noroffy HsoMipfl: npoBOflOBx CTaEOBuicst laat cja6a, 
ETC BaipysHaeTi fliiScTBie leaerpa^a jcaace Ha dj[H8BHXT& pascioa- 
HiazB, npH npoxasE^HiH se HpoBo^OBi na 1 600 Bepcix, oco- 
dcHHO Ha Easaas^, Tjsjb xssisi upoxo^ifSTh bo ifHoiHXB ificTax'a 
no ropacTofi h a^cHciofl m4cthocth, oaeHB aacTo cJiyaaiocB, aTo 
Bca£;(CTBie ciipofi Horo;pi, Ha tohi hxh aptboms yaacTB^^ zhbih, 
nepeffana CHraaiOB^b fliiaiact ohshb saTpyiHHreaBHoro, a HHorfla 
H BOBce HeBOBHoacHOH). TasHus odpasoHx, H 3 S 32-zb BeaepoBi, 
8 diMo HOxepaHo BcaiflcTBie npeKpamoHia Teaeipa^Haro cood- 
moHia, saiiMB 2 — no cjryaaio dojri&8HH osHoro hsi Hadjuoflare- 
Jrefl, H HaBOHeB[£ ocTaaBHEre BCJri^acTBie nacirypHOCTH 
He ciiOTpa aa SHaanreaLHoe pascToame Me»;^y odomiH nyHK- 
TaMH, pasHOCTB Meatay aByica cpasHeHiaMH xpoHOMeipoBB, bb 
OaHHB E TOTB ffiC BOHepB, HO CHrHaaaMB HOaaHHHMB BB Ty H 

apyryH) CTopony, t. e yaBoeHHoe aaMcaaenie Toaa coxpaHaaoci. 
BB cpeaneMB npesBOTaflHo nocToaHHEiMt, Hiienno oih pasHOCiu 
noxyaHancB ca^ayionKis * 
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JtEodonHTHo npH BTOMB saMixETB, HTo naHMCHBinaa paanom 
0,12 HoayHHaacB 10 ceniadpa, HMeHHO bb totb BogopB, icoraa 
BB asypnaai nadaroaema naxoaHica saMiname, hto bb dtotb bo- 
HepB ieaerpa$B a'fiflCTBOBaaB ocodenno xoponio. 

HasHBaa pasHocTB aoaroiB BaiyMB — HHKoaaoBB aopeoB Z, n 
aHHHoe ypaBHeme HadawaaieaeB nepeoB a, noayuaiOTca aaa jiflaa 
onpeaiaema, noMimenHire bb npHaaraewoMB sa chmb ciihck^&. 
Bb cmdui p sxoro CHHciia HOKaeaHui sBca, npitaannwe mrsMB 
onpej^emaMB, npH oniHK§ bohxb nadaioaaxoan pyKOBoacxBOBa- 
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:iIHCB ■5HCJI0MB HafijIIOffeHlfi EOJty’ieHHHX'B BB Be'iepB H 

Ka^eCTBOMB HXB, COMaCHO SaMinaHiaMB, CSixaHHHMB HMH BB 
Ha(5xH)flaTejn>HHXB aypHajiaxB. Ha btomb ocHOBaHiH pesyjiBTa- 
lajiB noJty^eHHHEB asrycTa 23, 25 k ceHTfldpa 11, ^anB nojio- 
BHHHH0 B^CB, TaKB BaKB BB 9TH Be’iepa, npH nepeflaB'S ciiraa- 
jtOBB, HHKoaaeBCKifi TOEB floxo;i;B[jiB BB BaTyMB OBeHB CBa6o ii 
idsiaB HenOCTOflHeHB, KpOM'fe TOrO nOJIOBHHHIlfit B']feCB npHJ^aHB BH- 

BOfly 24-ro aBrycia, BCii^CTBie OHeHt orpanH’ieHHaro ’iHCJia na- 
(5jiios6hiS SB^sflB, HOJiyBeHHHXB BB 9T0TB BCHepB na o6'£hxb 
CTanniaxB. 


^CJEO 
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+38 36,63 
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npHHHMaa BB pacaeTB Bica onpefl'feaeHifi, noayqaeMB cji'feflyiomia 
cpeffHia 

'I M C 

Z+a=0 38 36,679 
I— az= 36,071, 

OTKy^a L =0 38 36,375, a aiianoe ypasHcme 

KyiB^epra oth Kopxaii;i];H a=+®>304, BeaaaHHa BCCBMa Cihbko 
noffxojamaa kb jcaaEOMy ypaBHenuo Kyatdepra OTnocHTeatHo 
apyraxB HafiaioflaTeaefi, BHBe?;eHHOMy npa onpeffl&aemH pairaocTH 
SoaroTB BB Ch6hph bb 1873—1876 ro^axB BM-fecrfi cb iio-ikob- 
hhkomb HlapHropcTOMB, H BB 1883 roffy npa onpc;i;'£aeniH pflJi- 
roTB na KaBKasi cb noiEOBHHEOEB raaftnnieBHMB 
HjieHHo KyatdeprB OTHOCExeaBHO ]IIapHropcTa=-|-0,265 
— — — raasEiraeBa 
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CioJifii, Ha BOTopom npoHaBOjptjiHCB Ha6jiK)fleHia bi BaTyui^ 
;io onpeflijiBHiK) r. Kyjredepra, otctohtb 

Ha 1,572 c Bi W OTX wceHeTE Asaaie, h 

Ha 1,633 c MaaBa; • 

BB HoBOiaeB^ ace Haaaa Bpan^aK>n](aaca danina naxo^HTCa na 
0,113 c. EB OcTy oTi neHTpa odcepBaxopin TasHirB oOpasoiTB 
;^oa^oTa MasEa bb BaTyiti otb i^empa oOcepBaiopiH bb HjacBO- 
aaeB§=0 h 38 m 36,375 c +1,748 c.=0 h. 38 m 38,12 c , 
ei BipoBTHoio oniH6EOK±0,012 c 

floaroTa Bia eme ne MoateiB CHHiaTBca OEOHaaTeaBHOH), laEi 
EaBB ftpyria cayaceOHEia saHana flo HacToamaro BpeMeHH ne ^aan 
BOSMoacHOCTH HoaEOBHHEy KyjiBOepry saaoHaHTB npeflnoaoaceHHyH) 
nporpaMMy onpesfeteniii HenocpeflCTBeHHOio CBasBio no soarorS 
Baiyiia cb TH(3[»aHC0MB, pasHOCTB joaroTt EOTopHXB ocHOBEiBaerca 
HOBa Ha CBasH aepesB BiHKoaaeBB, KieBB h Poctobb. Ilpaiiaa ace 

CBaSB 8THXB JByXB HyHETOBB HpeflCTaBETB ffaHEHH, BOTOpiia HO- 
cayataTB bebb flaa OBonaaTeaBHaro bhbose ^oaroTB bc^xb npo- 
jaeatyToaHEixB nyHBTOBB, tebb h jaa ob(']&heh tohhocte HpoHSBe- 
;^eHHI^xB onepamft. Sai&aB aeaaieaBHO laKae, noaBsyacB opo- 
j'pa^HaecBHHH ^aHHEiMH BB OEpeciHocxaxB Baxyxca, BiiancaHTB 
oacHflaeMoe xaMB OTBaoEeHie OTB'icHofl arnritr. 

AcTpOHOMB H. KopTapifH. 


(Il 3 i> 9 cMopcsaro C 6 opHHEa> 1886 r 
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[NTRODUCTORY NOTE. 


A Commission to expend such appi’opriations as might he made by Congress for 
the observations of the coming trairsit of Venus was formed by section 2 of the naval 
appropi'iation bill approved March 4, 1871. It consists of the fdilowing’ members': 

Rear-Admiral B. F. Sands, Superintendent U. S. Naval Observatory. 

Professor Joseph Henry, LL.D., President National Academy of Sciences. ' 

Professor Ben.tamin Peirce, LL.D., Superintendent U. S. Coast Survey. 

Professor Simon Newcomb, U. S. Navy, Naval Observatory. 

Professor Wm. Harkness, U. S. Navy, Naval Observatory. 

At a meeting of this Commission held at the United States Naval Observatory, 
Washington, D. C., on July 24, 1872, it was resolved to print such papers relating to 
the sulijeet as niiglit lie of sufficient interest and inpiortance. The following selection 
has lieen made in pursuance of this action. 




RI LATING TO 


THE TRANSIT OF VENUS IN DECEIBER 1874, 


LeUet of Mew-Admvml Sands to the Secretary oj the Navy, snygestvmj the advtsalnhti) of 
asking Congress to appro]_niate the necessary funds fot Jittmg o^d cx^ieditions to ohscive 
the transit of Venus m December^ 1874 

United States Naval Ohsekvatory, 

Washington City, Maich 5, 1872 

Sir I have the honor to call yoiu attention to the advisability of making national 
provision foi the observation of one of the larest and most intoiesting phenomena m 
astronomy, a transit of Venus across the disk of the sun Such a ti-ansit will OQfJur 
on Decembei 8, 1874, and again in the yeai 1882, aftoi winch there will bo none until 
the year 2004 The astionomeis of Great Biitain, Piussia, and Russia, aided by 
hberal gi-ants of money from their respective govermnoiits, have been engaged for nioii 
than a year in active preparation for the observation of the first, while in this countrv 
very little has been done ^ 

Such a phenomenon will affoid oui countrymen a pecuhaily favorable opportunity 
to exercise their inventive ingenuity in the introduction of improved modes of 
obseivation Their successful infroduction of two of the most important appliances 
in practical asfronomy— astronomical photogiaphy and the electio-chronograph, 
both of which ai-e now widely adopted m Europe,— their successful competition with 
uropeans in producing some of the finest classes of astronomical instruments, and 
the lapid advances which practical astionomy has made 111 this country within the 
last few years, all wanant the belief tliat they can take a leading position in makitu> 
the observations in question ^ 

In addifion to the solution of one of the most important pioblems m astionomy 
the proposed expedition wiU render imiiortant service to geography and navigation 
by the determmataon of the acciuate position of numerous points in the Pacific, Ocean 
CoBgiess at its last session, m making a small apiiropnation of $2,000 for exiieii- 
mentmg upon the best form of instiuments to be used, provided that any moneys which 
might hereafter be appiopnated for the puiqiose in question, should be expended, with 
the appioval of the Secretary of the Navy, under the direction of a Commission com- 
posed of the Superintendent and two Piofessois of Mathematics of the Naval Obscrva- 

Coast*Siuvey^^^^* National Academy of Sciences, and the Siipeiintendcnt of the 
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At a late meeting of tlie Commission the total cost of sxxch expeditions as it was 
fitting’ the position of onr coxintry to undertake was estimated at $150,000, to lx. 
expended in three annual installments of $50,000. The first installment, that, fox’ the 
coming fiscal year, would he almost entirely spent in construction ot instruments, the 
larges? part of xvhich will, it is probable, be of Amei-ican inanxxfacture. I tluirefore 
respectfully recommend that axx appropi’iation of $50,000 for the construction of instru- 
ments for the observation of the transit of Venus be nmde by Congress at its present 
session. 

Very respectfxxllv, your obedient servant, 

" ■' B. F. SANDS, 

» Rear-Admiral, Superintendeiif. 

Hon. Gteo. M. Robeson, 

Secretarij of the Nao>i. 


[Indorseinent.] 

Navy De,pa rtmen 'r, 
Waslmiytoii City, March 7, 1872. 

The object of the within paper commends itseF to men of. science of all nations. 
In forwai’diixg it the Department feels assui’ed that it will rexxeive the considei’a tion due 
this interesting and useful sxxbject, which at this time is being discussed by learned 
societies, xvhile preparations are in progress for making the desired observations. 
Respectfully, 

G-EO. M. ROBESON, 

Secretary of the Navy. 

To the Chairmen oe the Committees on 

Appropriations, House and Senate. 


II. 

Letter of Rear-Admiral Sands to Mr. Butherfard, asking his views as to the best method of 
making photographic observations of the transit of Venus. 


United States Naval Observatory, 

Washington City, D. C., Jammry 19, 1872. 

Dear Sir: A Commission for .the expenditure of any appropriation tliat might be 
made for observing the transit of Venus was designated by Congi’ess, at its hist session, 
in the naval appropriation bill approved March 3, 1871. This Commission, composed 
of the Superintendent and two Professors of Mathojnatics of the Naval Observatory, 
the President of the National Academy of Sciences, and the Supeiintendent of the Coast 
Survey, has instructed me, on its behalf, to ask your advice respecting the best method 
of applying photography to’the determination of the relative positions of Venus and the 
sun during’ the transit. 
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It may not bo amiss to mention some of tlie coiiflitioiis ■wlncli it is desirable that 
tbe apjpaiatiis should fulfill, though most of them may be famihai to you They apjicar 
to Tbe 

1 To secuie an ima,ge of the sun at the photogiaphie plate, which shall be fiee 
from all systematic distoition except such as can lie accimatelv determined and allowed 
for 

2 To secure an equal exposuie of eveiy part of the image on the plate 

3 To have the means of deteimining with indisputable certainty the angular 
value of a given length, say one centimeter, on the plate Oi, if this is iinpiacticable, 
to avoid all eriors except such minute ones as are common to all the instrmnonts 

4 To have the means of detei-mining the angle of position as well as the distance 
of the centers of the bodies 

I would be obliged for the connmmication of any othei considerations that may 
occur to you 

We are desnous of trying all the forms of photogiaphie apparatus that may be 
suggested duniig the coming spring and summer, and esjiecially of putting into opera- 
tion any system you may suggest, leaving all the details to youiselt so far as it may 
be practicable for you to cany them out If youi health and engagements admit of 
your supeimtendmg the construction of such apparatus as you deem best adaiited to 
the required pmqrose, we will be ready to pay the cost out of any appropriation that 
Congress may make for observing the ti*ansit 
Very respectfully and truly, yoms, 

B F SANDS, Ilccn-Admnal, 

Stqye) mtewlont U 8 Norul mfo) i/ 

Lewis M EuTnEUFURD, Esq, 

1 75 Second Avenue, Neiv Yoi k 


III 

Letter of Mi Eiithofiod to Eear-Achnnal Sands, (jumuf a detnded defuripiuni of the method 
of sola} photogy (qyhy oiyployed m hs Ohe) vato} y 

175 Second Avenue, New York, 

Janud }}/ 23, 1872 

Dear Sir I think I can best reply to your letter of the 19th instant, makino 
mqumes as to the application of photography to the conimg transit of Venus, by 
describing the methods now, and for the last three years, m use in my observatoiy toi 

p otographmg the sun, wnth results which I have not seen equaled by any othei 
process 

OBJECTIVE 

The objective is corrected for photograpluc rays without reference to the effect 
upon the visible image This correction I have effected in two modes First by con- 
sfa'uctmg a double ob]ective of flint and crown glass with' such drives as will iirodnco 
the conection, second, by applying to an ordinary achromatic ob]ective a lens of such 
curves aud density as will pi educe tlie requned correction Of tlie fiist doscnption is 
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tlie objective of i li mclies’ apeitiu’e described by me in tlie May nnmbei of tlie Ameri- 
can Journal of Science for the year 1865, and now the propeity of the National 
Obseivatory of the Aigentine Eepubhc 

Of the second desciiption aie the 13-inch obj'ective now mounted in my obseiva- 
toiy, and the 6i-mch prepaied by Mr Fitz foi the United States Coast Survey expedi- 
tion to Catania to obseive the eclipse of December, 1870 

Without a piopei coirection, the photogiaphic images aie without shaipness, and 
consequently entiiely unfit foi measurement 

TUBE AND FOCUS 

With an objective of the above desciiption it is not possible to ad]ust the focus by 
the eye, and it it weie, it would not be desiiable, as the eye submits readily to such 
changes of focal adjustment as would be fatal to any piecision m the value of a gn'on 
space on the plate The focal adjustment must be fixed by tnal, and Iheie must be a 
micrometer sciew so airanged that the tiue position of the focal plane once found, it may 
be lecoveied at will It l^nll not do to trust to the unequal expansions by moistuie 
of a wooden tube I use galvanized iioii neatly painted, and piovided with thieo 
theimonieteis, by the mean of whose leadings the focal adjustment is made accoiding 
to a table founded upon the leading of the focalizing screw at a given tempeiature, 
and the 1 ecogmzed «co-efiicient of expansion of non 

I find that the stais furnish the best means of determining the focal adj’ustment 
On the same plate, side by side, images may be taken of the same stais in seveial 
diffeient planes, and the best selected, if then the atmospheie be good, and on 1 epetdiou 
the same point is selected, it may safely be adopted as the tiue focal adjustment ft>r the 
existing tempeiatiue of the tube 


THE CAMERA-BOX 

This IS so airanged that a plate-holdei may be inserted and a picture taken at 
the focus of the objective The size of a pictuie of the sun so taken is about one- 
tenth of an inch for each foot of focal length of the objective, and is too huge to 
peimit an mstantaneoiis and unifoi-m exposiue Such a picture would be useful din- 
ing a total eclipse, and for veiifying the truth of the enlaiged picture as hereafter 
mentioned The image of the sun at the focus of the objective is enlaiged by a 
photographic camera-lens of ordinary construction (I use for my T3-moh a Hariison 
^-plate portiait-tube ) No doubt a better form of enlaiging lens could be devised, 
with a flat field, and corrected for photographic lays alone, whereas the best 
portrait combinations have considerable curvature of field, and profess only to unite 
the photographic and visual rays, a compiomise which sacrifices about one-half of the 
sharpness of each As yet, howevei, I have not seen such a lens 

After traversing the enlarging combination, the rays cioss on their way to the 
conjugate focus, where the enlarged picture is taken The point wheie the rays 
cross IS so small that a very simple and extiemely light snap for instantaneous expo- 
sure is lendeied possible, while an additional and very important advantage is secured 
in that the whole image is simultaneously exposed and cut off 
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In the camel a-box, and directly in fiont of the exposed plate, a veiy hne plati- 
num mie IS stretched in the dnection east and west, wath a simple adjustment by 
m^ans of which it can be made to coincide with the oonise of a star oi a sun-spot 
tiaveising the field by the diuinal motion of the earth The shadow of tins wiie, if 
tiuly jilaced, will indicate, by a fine hne on the photogiaph, the zero of position 

Of coluse, this presupposes that the equatoiial mounting is accuiately adjusted to 
the meiidian and altitude of the pole, and that the result is collected foi lefiaction in 
case the pictures are extia meiidional Behind the exposed plate is to be mounted, 
in a slide, easily and smoothly movable from east to west, like the eye-piece of atiansit, 
a Bamsden eye-piece capable of commanding the whole plate, from side to side, for 
the purpose, as heieaftei mentioned, of establishing the angular value of any lineai 
space of the plate In oider to avoid mineeessary chstoition of the image, the following 
adjustments aie required 

ist Colhmation of the objective This is obtained by means of screws for that 
purpose, penetrating the inn of the objective, tmned in such directions and quantities 
that the several images of a candle-flame held at a small hole in the middle of the 
plate-holder, and leflected from the several surfaces of the objective, shall be seen 
superimposed by an eye looking through the blue, transparent pmt of the flame near 
the wick 

2d The collimation of the plates T,his adjustment, of more impoitairce than 
the former, is attained by means of screws acting upon the guides or slides for the in- 
troduction of the plate-holdeis The operation of colhmation is the same for each 
plate-holder, except that, of coruse, in the case of the one most distant from the 
objective, the enlargmg-lens must be removed during the act Tins act consists in 
placing in the plate-holder occupying the position subsequently to be occupied by the 
sensitive-plate a plate of plane glass, smoked on the side away fioin the objective, 
to desti'oy reflection from that side , covering it with a screen of black paper having a 
hole one-quaiter of an inch in diameter thiough which the center only of the plate is 
exposed to the objective; covering the objectiv^e with a cap perforated with a hole m 
the center one-quarter of an inch in diameter, then holding alighted candle in fiont of 
the last-mentioned hole, and operating ujron the adjiistiiig-scrows until the light of 
the candle, reflected fioin the center of the plate, is seen thiough the center of the 
objective, thus indicating that the plate is perpendicular to the optical axis of the 
telescope 

3d Colhmation of the enlaiging-lens This adjustment is to be effected by means 
of screws aiTanged for that purpose, to be operated until the several images 6f a 
candle-flame, transmitted tln-ough a small hole in the center of the cap, over the 
objective, reflected fiom the several surfaces of the enlarging-lenses, aie seen by an eye 
held belund the flame to be superimposed 

The quantity and direction of tire inevitable distortion is ascertained in two ways 
1st By placing in the focus of the objective a plate of plane parallel glass upon 
which a reticule of lines is engi’aved, turning the instrument, focalized accuiately, upon 
a blight sky, and taking an enlarged photograph of the reticule The reticule and the 
enlarged photograph are then to be accurately measured, when a discussion of the 
results of these measm-ements will reveal the distortion produced by the enlaiging-lenses 
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2d metliod — a,iid tliis also is the best means of determining tlie angular value of 
any space upon the eidarged photograph : 

Place in tlie position of the plate for the enlarged picture a plate of plane parallel 
glass, u]Jon which a reticule of lines is engraved, running north and south, about tln-ee 
seconds of ecpiatorial time distant from each other. Clamp the telescope firmly near 
the meridian, and cut down the aperture to about an inch, with which reduction tlio 
definition of a large star- is quite good, notwithstanding the photograpliic correction 
and focal adjustment of tlie objective. Tlien, by means of a chronograph, take tran- 
sits of many different bright stars over all the lines of the reticule, observing tliem 
through the eye-piece mentioned above. A comparison of these transits with tlie 
measured intervals between the lines Avill give not only the angular value of a, given 
space on the plate, hut tlie amount of distortion produced by the instrument, objective 
and eiilarOTno'-lenses included. 

o o 

A second mode of asciertaining tlie angular value is to pliotograpli a known oliject 
at a known distance, sucli as a building by day, or two electric liglits e.xprossly 
arranged at night, or a group of stars, lilce the Pleiades, whose distances liiive been 
well ascertained, and deduce tlie required value from a measurement of tlie photo- 
graphs. 

By a combination of these methods, I think the angular value of a given linear 
space on the plate may ho ascertained witli a degree of accuracy whicli, if not perfect, 
is at least superior to that in use for any filar micrometer, or other metliod of 
astronomical measurement. 

After the iiliotograplis liave lieeii obtained, with all the precautions a carefiil fore- 
sight can suggest, it is imjiortant that no reliance should he placed for precision iiiion 
the ajrparent outline of tlie sun at any isolated point. 

The photogTa])h of the sun will have a greater or less diameter by many soc.onds 
of arc, according to tlie energy of the rays which have produced the imago ; and this 
discrepancy may he produced by a cliange in the aperture, in the length of the tune 
of exposure, in the transparency of the atmosphere, in the hour of the day, or in the 
sensibility of the chemicals. 

Perliaps you will be tempted to say, if tins be time, what reliance can he placed 
upon the results of photography? I should answer, that the sun has no sliarjily- 
defined outline, even to the eye, but, in its best state, is an irregular, seetliiiig, ever- 
restless object, utterly unfit to be the starting-point for measures of precision ; and 
that, while the eye is confined, in its attempts at measures, -to some small part of the 
sun’s Ihnh, the photograph of the whole sun can he placed upon the stage c»f the 
nncrometer, and accurately centered with reference to the average of tlie wliole 
contour, and thus escape the errors sure to be the result of measures based upon local 
bisections. The image of Yenus ought to he sharp and capable of easy and 
accurate measurements. Its place should he compared with the center of the sun, and 
not with the limb. 

The Coast Survey have the telescope winch was prepared for photographing the 
eclipse at Catania. It is provided with camera, enlarging-lenses, and snap, and per- 
haps it would he better for the committee, before ordering another, to experiment witli 
that. For the purpose of the transit of Yenus, it would not be necessary to have an 
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objective bugei tlian foui indies , at tlio same time I would not counsel a smaller 
one Fust That size would be leqiiiied to make the star-pliotogiapli needed for a fine 
coiTection of the objective, secondly, if the day of the phenomena should chance to be 
smoky, with too small an objective the occasion might be lost 

In conclusion I would say that I have not seen enough of other proposed modes 
of applying photogiapliy to the tiansit of Venus, to judge of theii meiits, and that if 
it be the wish of the committee, I shall be glad to supei intend any constnictions or 
expeiiments in this dnection they may please to indicate, and to initiate any obseiveis 
oi opeiatois named foi that puipose, in the details of sun photogiapliy as piacticed m 
my obseivatory 

I am, veiy respectfully and tiuly, yoiiis, 

LEWIS M EUTI-IERFUED 

Adnuuil B F Sands, U S N 


lY 

Lcttc) of Ih EntJieifunl to Ecat-Adimtal Sands, destuhiinj thefnin of insfi Hment whith 
he comiden best adapted foi photog)aphic observation of the transit of Venus 

175 Second Avenue, New York, 

February ii, 1872 

Dear Sir The connnission on whose behalf you wrote to me aie at peifect lib- 
eity to make any use of the lettei I ivrote you wliich, m their judgment, may be 
niOst for the advancement of the objects with which they aie chaiged 

If the whole matter of oideiing mstiumcnts for the photogiaplnng of the tiansit 
of Venus were in my coiitiol, with my piesent lights, I should have an aolnomatic 
olijective of five inches’ ajiertiue, and seventy inches’ focus, in a cell which would 
allow of the application, in front of it, of a lens of flint-glass of such cuives as would 
shorten the focal distance (foi photographing) to sixty inches At the proper point I 
would place between the two distances an enlargiiig-lens so constructed that the noiinal 
image of the sun in the piincipal focus (then about half an inch) would be 
enlarged to two inches at the distance of ten inches from the pimcipal focus, viz, at 70 
inches fiomthe objective The camera box and tube should be one tube, and the 
focalizing lack and sciew should be located at the objective end of the tube, thus 
simplifying the whole aiiangement and permitting the use of biaces, fiom end to end, 
to prevent flexiue , and on taking off the photographic coriectoi, and taking out the 
enlargmg-lens, the instiiiment will be all leady foi vision On consideiation, I do 
not tliink I would counsel a smaller telescope than the one I have named 
I am, &o, 

LEWIS M EUTHEEFURD 

Admiral Sands, U S N 
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V 

On the Aj)pUcatton of Photography to the Ohsovation of the Transits of Venus By Simon 
Newconib, Professor of Mathematics^ United States Navy 

The proposed methods of observing the transits of Venus maybe divided into two 
distinct classes The fiist consists m fixing the moment at which the planet is in con- 
tact with the limb of the sun , the second consists in determining the relative position 
of the centei of the planet and the center of *the sun as often as possible dining the 
transit 

Only the first method has hitherto been actually used, and, until lately, it was 
tacitly consideied the only one piachcable I conceive, however, that astroiiomeis 
aie glowing more and moie distiustful of it, and that a laige majoiity will agiee that 
it cannot be safely depended upon until some method is found to guard against the 
enors to which expeiience shows it to be subject The object ot the present commu- 
nication not being to discuss tlus method, I will merely ask leave to lemark, in illus- 
tiation of its imceitainty, that a comparison of observations of external contact in late 
transits of Meicuiy shows that these obseivations, which have been almost entirely 
neglected, on account of then supposed uncertainty, are really of the same ordei of 
accmacy with those of mteinal contact, on which reliance has hitherto been exclusively 
placed Moieovei, recent leseaiches on the physical constitution of the sun lead to the 
suspicion that the photospheie is subject to changes of level winch might senously 
impaii theaccuiacy of the results deduced fiom the most perfect obseivations of contact 

Among the proposed methods of deteimimng the angular distance of the center of 
Venus ftom that of the sun, photography holds a prominent place It is now pioposed 
to examine some plans which have been suggested foi this application of photography, 
and to devise that combination among them which seems most likely to lead to the 
desned lesult The objects to be attained may be summed up as follows 

1 To form an image of the sun with Venus on its disk, of such a kind that, from 
the outlines of the images, the points on the photographic plate, winch coirospond to 
the centeis of the two disks, can be fixed with a high degiee of piecision 

2 The lineal distance between these points being determined m millimeters, or 
other units of length, by means of a miciometer, we must have the means of deducing 
the angular distance to which this hnear distance corresponds , or, we must know the 
value of one millimeter m seconds of arc on each part of tlie photographic plate, and 
in each direction 

3 We must have a fixed hue of lefeience on the plate, fi'om which we can deduce 
the angle of position of the two centers, relatively to the ciicle of nght ascension pass- 
ing thiough the sun’s center 


ACCUEACY EEQUIEED IN THE MEASUEES 

If any error in the data of measuiement affected the parallax only in the ratio it 
might bear to 'the whole distance measuied, the determination of the angular value of 

^ •« 1. I y-vvk 4- 1“-^ n'N nv ^ /Y» _ 1 1 
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tlie distance of centers, wMcli is the quantity to Lo measiiied, being fifty tunes greatei 
than the mean effect of paiallax at the different stations, the latter ivill appeal as a 
diffeieiice between two laige quantities, and any eiioi affecting the whole distance 
measuied in a given latio will affect the paiallax in a latio fifty times as gieat To 
estimate the degieo of accuiacy winch it is desiiable to obtain, we should hnow what 
degiee of accuracy a measure on the photographic plate admits of This is a jioiiit on 
which we have no exact published infoimation, hut it is nndei stood that the ineas- 
t Hies of the photographs of the eclipse of 1869 indicate that the piohable enoi of a 
negative as meastmed is but a small fraction of a second of aic We hare some leason 
to hope that the probable accidental error of a deteimination of the distance of centers 
from a single negative will be less than lialf a second It is piobable that two liundi'ed 
negatives can be taken at each station Gi anting' this, ive may hope that tlie piobable 

accidental erior of the mean of all the measiiies at one station may bo as small as 
o" 03 It is desiiable tliat the constant eirors peculiai to the station or the mstimnent 
should be but a fiaction of this amount, say, o" 02 The least distance of ceiiteis being, 
on the aveiage, about 800^', it is desirable that the measuies should not be affected 
with any constant erroi which will pirobahly exceed of the entne space measuied 
And, consideiing the accuracy with which the solai parallax can be found by othei 
methods, we are justified m pionoiincing it necossaiy that the 01101 s at no one 
station use to the — g of the distance measured 

This reasoning ajiplies only to the eriois which aie peculiar to each station Any 
eiroi common to all the stations — as, foi instance, a wiong value of tlie micrometei 
with which all the measiu'es of the plates ai’e made — ^may be greater m the latio wliich 
the entne distance of centeis hoars to the maximum effect of parallax m changing that 
distance, multqjhed by the sqiiaie root of the niimbei of stations Ilouglily sjieaking, 
the piobable eiroi may be ten 01 twenty times gi eater 

To secure a correspondmg degree of accuracy in the determination of the angle of 
position, we divide the admissible probable eiTor of lelative position by the sine of the 
mean distance of centers, wluch is about gro If? before, we take o'' 02 as a limit 
within wluch it is desiiable to keep the probable erior at each single station, and 
o" 06 01 o" 07 as a limit which the possible enor should not exceed, we have 6" and 
15" as the coiresjDondnig rough limits for the ciior of angular position 

SIZE or IMAGE ON PLATE 

Itis assumed that the photogi'aphs must be taken hy the “wet-plate” process When 
tlius taken the oxide of silver, wliicli fomis the visible fihn, is precipitated, not as a 
continuous fihn, hut iii the foim of imnute scattered giains, wluch, in the few negatn^es 
that I have examined, will hear a magnifying power of only about five diameteis, for 
the purpose of measurement, conesponding to an effective distance from the eye of 
about two inches * The apparent size of the negative, as seen tin ough the micioscope 
used in measuring it, should, we may suppose, coiiespoiid to a magnifying power in a 
telescope of at least 240 To effect this with a power of five on the miciometer micio- 
scope, the absolute diameter of the negative must be as gieat as that foimed m the 

^Since this was wiitten I have found that with good collodion the giaiiis aio very much hnei than this, and will 
beai a power of 50 But the negatives seem to be alTectcd with onois, of which tlio chaiaoter is still obsciiie, and 
winch prevent the use of a high power in measniing 


\ 



16 


in'incipal focus (Tf a telescope 40 feet long. A yet larger negative would offer some 
•i(l\avitiu>vs, l)ut the attendant disadvantages woxdd increase in so large a ratio tliatwe 
iii,u iix”il*on this size as l)eing at least very near the highest limit which it will he 
fouiid most ad’sauitiigoons to adopt. The diameter o£ the solar image on the photo- 
grapliic plat,e would then he four and a half inclies, and that of Venus three-tenths ot 

' On the other hand, if it he found that a negative will bear a higher power than I 
have assumed, a, snuiller iina,ge may he found equally advantageous. The test con- • 
sists in the rtdntive sluvriiness of the images; if it be found that a 2-inch image can he 
measuved ^vith twice the accuracy of a 4-fech one, it will answer an equally good 


purpose. 


MODKS OP 


POEMING TITE SOIjAK IMAGE TO BE PHOTOGRAPHED. 


To taloi the ])hotogra,]di, we must either have the telescope so long that the image 
formed in tlu^ principal li>cus shall ho large enougli for the purposes of measurement, 
that is, the telescope nnist lie nearly or quite forty feet long, or we must magnify this 
iimmc'liv a, second system of lenses. By tlie first method, the telescope will be too 
lovi.” ail'd nnwicldy to lie iiointcd at the sun ; we must therefore adopt the method 
dertsod hy Ih'idoss'or Wiuloch, which has been in successfid operation for several years 
at the lliu-vard (hdloge Observatory, and which has been independently proposed by 
M. Ihiyc, of the’lh-cnch Academy of Sciences. It consists in placing the telescope in 
a (ixcMl Imid/.ontal position, Avliile the sun’s rays are thrown into it hy a heliostat placed 
in front of the ohiect-glass. It seems to me that tliis method offers a nninher of decided 
advantages m-er'the othci-, which I shall briefly enumerate. 

1. it gii'cs an itnage fi-oo fi-om all distortion except such as can lie accurately deter- 

luined and allowed for. 

2. Granting that the plane surface of tlie reflector can be preserved, it afimxls tlie 
most direct and certain means of determining the linear value ot the second of arc on 
the photographic plate. For this purpose, it is only necessary hi know the exact 
distance of the pliotograidiic surfime from the optical center of the object-glass. 

3. It affords the moans of determining tlio angle of position of tlie two centers 

with great certainty. . 1 i i 

4. 'Hie slide wliieli receives the plate-holder, instead of being attached to tlio eyo- 

iiiewi of a, nioviag telescope, may he firmly fixed on a stone pier in tlie dark room. 

1 ii,)w ask leave to doscrilie the apidiances and methods hy wliicli the determina- 
tions are to lie made on this system, considering every objection which I luive luiard 
of, or can anticipate, and comparing the opei-atipns with those necessary in tlie other 

method. 

THE HELIOSTAT. 

If the reflecting surface of the lieliostat he warmed by tlie rays of the sun, or if the 
two surfaces of the reflecting plate are fi-om any cause whatever unequally heated, had 

effects will lie produc.ed in two ways : ^ ^ 1 

I By chan[>-ino- the position of the effective optical center of the olijective, and 

tluis rttiating the determiiiatioii of the angular value of the millimeter on the photo- 

gra-pic jiliite. 
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2 By bkxix'ing the image formed in tlie focus of the objective 
In considenng the fiist effect, it is only necessaiy to take account of the lays 
which pass through the optical center of the glass The problem is, two rays fiom 
points in the heavens at the angular distance y strike the reflector, of which the radius 
of curvatuie — supposed veiy great — ^is p, so as to meet after reflection neai the optical 
center of the objective — ^to find the difference between their directions, which we call y', 
after leaving the reflector The latter is, in fact, the angle wliich will be given by the 
measuie on the photographic plate, the foimei the actual angle we want Let us put 
S, the distance apart of the points on which the lays stiike the leflector 
A, the angle which tlie line joining these points makes with the plane normal to 
the axis of the telescope 

D, the mean distance of the minor fiom the objective 

Syz=:y' — y, the enor produced by tlie cm va, fine of the minor in the lesultof the 

angular measurement 

Then, S = D sin y sec A 

f 2S 2 D sec A 
oy— — — sin y 

P P 

The angle A may range between 0° and 50°, rarely if eveiy approaching the 
latter limit, so that for our present rough estimates, we may siiiiposc sec A to be unity 
Since we desire to measure the angle y without any probable enor exceeding the 
4oWo of hs value, it is desirable that we have 

^ >> 80,000 

And, since it IS necessary that the enor should ceitaiiily be within a limit four 
times as great as this, we must have 

£ > 20,000 

It wiU probably be found that at most of the stations the reflector can be placed 
witlun a foot of the objective If so, the limit outside of which the radius of cuiwature 
of the reflecting surface will be unimportant, will be 80,000 feet, and that within which 
it will be inadmissible will be 20,000 feet 

As to the effect on definition, we remark that if the objective be of 5 inches’ 
apertm’e, the effect of tlie smallest of the above curvatures of the minor will be that the 
geometrical image of a celestial point in the stellar focus will be a disk not far from 2" 
m diameter, which again will not be far from twice the enlaigement due to diffi action 
We may therefore regard a radius of 80,000 feet as expressing the limit of admissible 
curvature in the reflector If the cuiwature cannot be kept witliin this limit, or if any 
pimfl.n deviations without it cannot be detemimed with certainty, a serious and perhaps 
fatal objection will arise to the proposed plan The practicability of attaining tliis de- 
sideratum is the first thing to be detennined, and it can be deteimined only by trial and 
experiment I conceive that it may be found practicable if proper precautions are taken 
The most necessary precaution and the only one which need be expressly mentioned here, 
IS, that the reflector should be exposed to full sunlight only at the moments of taking the 
picture When it is found necessary to use the reflected light for adjustment, the heat 
rays must, as far as possible, be cut off by a blue 01 gieen glass The necessaiy time 
3 V 
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of fall exposure of the mirror need not he more than half a second, or a second at most, 
for each picture. At the rate of one picture per minute, the latter would he only 
one-sixtieth the whole tune. 

Though not absolutely necessary, it is very desirable that the reflector should he 
moved by clock-work. The most perfect arrangement would he that of the “ sidero-. 
stat” of Foucault, in which the mirror is moved around two axes in such a manner that 
the reflected rays remain parallel as the sun passes along its parallel of declination by 
its diurnal motion, the change due to refraction excepted. Since the latter will be con- 
siderable wlien the sun is near the horizon, and will necessitate occasional adjustment 
of the reflector even with tins complex mounting, I think it will he best to have tlie 
mirror move around a single adjustable axis. The acljustment must be made so that 
the direction of the reflected ray shall vary from that of the telescope the least possible 
during- the transit. The wliole base on which the mirror and its clock-work rests must 
be furnislied with two slow-motion adjusting screws, the one for altitude, the other for 
azimuth. These screws are to be moved by rods ranning the whole length of the 
telescope, and tenninating in 1 landles near the operator. Whenever it is fonnd that the 
center of the sun’s image is deviating from its proper position on the plate, the operator 
will pass the sun’s rays through the green glass screen, and adjust the image by the 
screws at his side.' 

The construction of the clock-work will involve questions of detail which need 
not be examined here. It is, liowever, advisable to remark that the motion of the 
mirror must be tree from all vibrations, and that every instrument must be carefully 
tested for this condition before l^eing used. The most certain test will be to mount a 
powerful microscope on a fixed and firm support, in such a way that it shall view a 
Nobert’s test-plate attached to the axis of the mirror at a distance of, say, one foot 
from its center of motion. 

This method will be attended with practical difficulties which may prove insuper- 
able. The following arrangement will be imicb more simple, and may prove equally 
certain. Take a strip of metal or wood one or two feet in length, and a few inches in 
breadth, with a smooth, white surface, and rule it cross-wise Avith very fine black 
lines. Perhaps a coarsely-ruled glass, with a neaidy monocliromatic light behind it, 
Avill be better. Place this strip Avitb its lines vertical, and its surface presented to the 
mirror, at a proper distance from the latter, at a time Avlien the air is very steatly. 
Make the axis of the mirror vertical, and the miiTor itself parallel to it, in such a Avay 
that the ruled plate can be seen by an eye-piece in the pliotograpbic telescope. Then 
start the clock-Avoi-k which moves the min'or, and note Avhether the dark and briglit 
tines on the plate are equally well defined, whether the mirror is at rest or in motion. 
A great improvement will be to moA^e the ruled strip with the niin-or in such a Avay 
that the direction of the reflected rays shall remain constant. With regard to the 
coarseness of tlie^ lines and the distance of the plate, it may be remarked that the test 
will not be satisfactory unless the angular distance between the lines, as seen from the 
mirror, is much less than a second of arc, and that they must be vieAved with the 
highest poAA'er the atmosphere will bear. The tiial-plate might he ruled with 1 50 lines 
to the inch, and then vicAved. at as great a distance as it is possible to see the lines. 

To aAund all serious danger of vibration, I Avould propose that no toothed wheels 
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sliall be allowed m the movmg-maclunery, but that all motion shall be communicated 
by fine and well-oiled tangent-screws 

Whether the miiroi should be of plain glass, silvered glass, oi speculum metal, is 
a question of detail to be settled by expeiiment The primaiy condition is that theie 
shall be no danger of waiping under such influences as it may be exposed to at the 
observing-station, and I conceive this condition will be fulfilled by plain glass The 
time of exposure will be matenally affected if this be chosen, since only a small fi ac- 
tion of the light will be reflected down the telescope The question of hanng the miiioi 
moved by clock- work is also indiiectly affected by it, in this way If a speculum be 
used, the time of exposure may possibly be made so short that the elongation of the 
image by the diiunal motion during that time shall be of no importance, but if plain 
glass be used, this short exposure is no longer possible, and clock-woik must be used 

THE OBJECTIVE 

The object-glass must be corrected, not foi the visual, but for the photographic 

rays 

As it is necessary to take every piecaution to have the photographs at opposite 
stations stiictly comparable, it will be well to have all the glasses made from the same 
pot, and ground on the same tools If the former cannot be effected, the optician 
should endeavor to have all of a unifoi’m focal length 

The aperture of the glass cannot be fixed by any ngoious principle The larger 
the glass, the less the enlargement from difff action This enlargement is, however, 
equal in every duection, and will not affect the positions of the centers of the images 
on the plate If too gueat it may, however, affect the definition of the image. Proba- 
bly an aperture of five or six inches will be found the most advantageous mean 
With a metallic rmrroi the brilliancy of the solar image on the plate will not differ 
much fioni that of direct sunlight If the mirror is of glass the bnlhancy will be 
very much less 

I have ah’eady given my reasons for holding that the focal lengfii of the object- 
glass should not differ very much from forty feet, bemg greater rather than less 
Whether an image of a greater diameter than four and a half inches can be photo- 
gi-aphed without inconvenience, is a question for the professional photogiaphei, and on 
his answei will depend the advisableness of having a longer focus to the objective 

The objective must not be supported by the tube, but must be held by some firm 
support let into a stone or brick pier, laige enough to support the leflector also Its 
cell must be furnished with two sets of adjiisting-sciews, so that the optical axis of the 
glass may coincide with the terrestrial meridian line 

A line, from which measurements may be made, must be cut around the outer con- 
vex edge 01 cylindrical siuface of the cell This line will foim a circle, iiioi near the 
plane of winch the optical center of the glass will be found Caie must be talcenthat 
the cells are all of the same dimensions, and that the lines cut on them all correspond 
in position 

• THE TUBE 

As it is doubtful whether the definition of tlie image will be improved by the 
tube, the principal object of having one will be to cut off extraneous light If one is 



used it must be as large as convenient, and must be in sections, not only for conveni- 
ence in transportation, but tbat it may be partly or wliolly removed for the purpose of 
measuring the distance between the line on the cell of the objective and the 
fixce of the photograplnc-])late. For this purpose the two ends may be made of black 
cloth. It must l.)e carefully screened from the direct rays of the sun, and at the 
southern stations it nuiy be found advisable to pass it through some part of the obser- 
vatory building. 

AKRANGEMliNTS AT THE FOCAL POINTS. 

The focal point where the pictimes are taken must be due south from the 
objective, except, possibly, at the extreme southern stations, where it may be north ; 
tlie choice of directions being determined by tlxe condition that the mean angle of 
reflection of the rays must be acute, so as to diminish, as far as possible, the eml effect 
of any spliericity of the reflecting surface. Here a brick or stone pier must be erected 
to support the plate-holder. The position or form of this pier must be such that a 
plumb-line may be suspended so as to pass tln-ough the central point of the focus. 

It will therefore be nex'essary either to place the pier so that its inside face shall be 
slightly beyond the fo(;al point, or to build it on an arch, and to have a small, vertical 
hole passing through its center, and opening into the arch below. The latter fonn is 
the more satisfactory and complete, and if tlie pier is built of brick or concrete, will 
be little more trovdilesome than the other. 

On top of the pier in the latter form, or above the inside face in the first form, 
must be fastened tlie frame which is to receive the plate-holder. From the top of this 
frame is to be suspended a weight by a very fine platinum wire. The general arrange- 
ment of the frame and the plate-holder must be such that the wire shall be as close as 
possible to the face of tlie negative when the picture is taken, wlule, at the same time, 
the plate-holder can be inserted, and the negative exposed and withdrawn without 
danger to the wire. The mechanical details by which this is to be effected do not 
seem to involve any difficulty, and they need not therefore be considered at present. 

I conceive that, by a proper construction of the plate-holder and fi-ame, the distance 
between the wire and the face of thfe plate need not exceed one-eighth of an inch, and 
the former will then be photographed very finely on each negative. 

A source of danger to be guarded against will be the want of perfect flexibility in 
the wire, and' a possible conseq^uent deviation from the true vertical. This must be a 
subject of careful investigation. If such a danger be found real, it may be reduced to 
a Tnim'TTmm by attaching the wire not immediately to the frame, but to the lower end 
of a stout vertical pin passing through an opening in the top of the frame. The verti- 
cality of this opening must be tested. The top of the pin must be provided with a 
graduated head, so that it can be turned into any required position, and the position 
must be frequently reversed while the photographs are being taken. 

Ahorizontal wire must also be stretched across the frame, so that it shall be photo- 
graphed on the plate, the point where the two wires cross marking the center of the 
field. It is necessary that the center,- as thus indicated, ‘shall be south and horizontal 
from the optical center of the object-glass without a probable error so great as lo'', or, 
in other words, without a probable eiTor in its absolute position so great as A of an 
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inch This may he conveniently effected hy mounting the instrument or instiuments 
by which the time and latitude are to be determined in front of the photograpliic 
^ object-glass, and at the same elevation Then, by pointing the transit instrument on 
the glass, the vertical whe can easily be set with fai more than the requisite precision 
If a meiidian circle be used instead of a simple transit tlie horizontal wire can be set 
with equal ease and piecision K not, some other method must be devised, of which 
the most simple is, perhaps, to make the finding circle of the transit instrument large 
enough to read every lo" of arc, and then to make a number of comparisons of the 
reading of this circle when set on known stars and when set on the honzontal ivire 
Othei more simple methods may perhaps be devised 

EXPOSING THE PLATE 

We now touch another point which involves some mechanical difficulties Every 
part of the negative must be equally exposed, else the picture will be more developed 
on the more exposed side The time of exposuie being only a small fraction of a 
second, the slit through which the sunlight is admitted must be very narrow unless it 
moves Avith great lajiidity Equal exposuie of every part of the picture will be per- 
fectly attained by cutting off the light at or beyond the object-glass But two difficul- 
ties aiTse here The image will be elongated by diffraction in a duection at right 
angles to tlie slit, and the apparatus wdl be too far to be easily at the command of the 
operator Although a small elongation by diffraction will not be very serious, since it 
will not affect the center of the image, yet I think it desirable to avoid its becom- 
ing so large as that due to a nan'ow slit in front of the objective It therefore seems 
desirable, if not absolutely necessary, to bring the cut-off within one or two feet of the 
focus Here anothei difficulty arises If made and operated in the usual way, the 
slit will move over the plate with an accelerated velocity, and thus the last part of the 
plate which it reaches will be less exposed than the first We must, therefore, contrive 
some way by which its motion shall be nearly oi quite uniform as it passes over the 
plate Various ways of effecting this may be contrived, I suggest the followmg, as 
showing the entire feasibility of the operation 

A, Fig 3 ,* IS a thin disk of papier-machd, or other light material, mounted on a stand 
after the fashion of an electrical maclune Tluee feet would, perhaps, be the best 
diameter It is attached to a solid, shallow hub, concentric with it and from 6 to 8 
inches in diameter A groove is cut round this hub, and a rope oi metallic ribbon, 
bearing a weight, is attached to some point of the giQove The length of the rope is 
such that the weight shall j'ust rest on the ground, or some support, when near its low- 
est point, and shall also allow room for the weight to be wound up by nearly the 
amount it will be raised by one turn of the wheel Between the disk and the hub is a 
small disk, rather laiger than the latter, around which are five or more ratchet teeth, t, 
t, t, t, t Two catches, c, c', can hold these teeth in opposite directions The wheel is 
to be set so that its plane shall be vertical, its axis at the same height with that of the 
telescope, and distant about 1 2 inches from it, so that the outer 6 mches of the disk 
sball cut off the cone of rays near the focus The circle T shows a section of the tube, 

* The figure has not been engavofi, as the general principles of the appaiattis proposed can ho nndeistood fiom the 
desciipfciou in tlio text 
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as projected on the disk. D is aii adjustable opening in the disk, the sides of which 
should be radii of the disk. As the instrument is now represented, the cone of rays is 
intercepted by the disk at T. To expose the plate, the' operator raises the catch c, 

whereupon the weight descends and carries the disk around with a velocity continually * ? 

accelerated until the weight rests. This should occur just before the opening D reaches ' 

T. The disk is then carried forward by its own momentum, so that D passes over T 
with a velocity quite uniform, the retardation due to friction excepted. The disk still 
moves on by its own momentum, lifting the weight until one or more of the teeth, t, t, 
t, pass the catch c', which holds them and prevents the weight carrying, the wheel back 
after it has reached a state of rest. To take the next picture, the operator will con- 
tinue to turn the wheel in this same direction until the catch d hooks the tooth ^5, when 
the opening D will be just above T. The catch c will then be dropped, and the appar- 
atus will be ready to expose the next picture by a motion in the opposite direction. 

The effect of the small retardation of velocity will thus be reversed in taking every 
picture, and eliminated in the mean of any two consecutive ones. 

Perhaps it will be advisable to have an opening 6 inches in diameter through the ’ 

disk at T, covered by a plate of glass nearly opaque to the photographic rays, 1 )y 
which the observer may examine the position of the solar image on the ground glass 
plate as often as necessary. 

DETERMINATION OP THE POSITION OP THE PLANET ON THE SUN’s DISK. '' 

Having thus described the ajiparatus with which the photographs are to be taken, 
we have next to consider the means by wliicli, from the measures on the plate, we 
can deduce the distance and angle of position of the centers of tlie sun and Venus, 
as seen projected on the celestial sphere, and to inquire how these means compare 
with those afforded by the other proposed method of photograpliing, in point of cer- 
tainty, accuracy, and convenience. As remarked at the beginning of this paper, 
two data are required : 

1. The angular value of one millimeter on the photographic plate at any point 

and in any direction. i 

2. The angle of position on the celestial sphere corresponding to some line ruled 
or photographed on the plate. 

To obtain the first element the observer must, when tlie objective and plate- 
holder are all firmly fixed in their definitive positions, carefully measure the distance 
between the inner face of ond pf the photogi-aphic plates and the inner face of the 
objective, or the line drawn around the cell or, for security, both. The temperature 
of the measuring-rods must be carefully noted during the measure. The temperature of • 
the plates, at the time the photographs were taken, must also be known within 3° or 4° 

Tahrenheit. Having these data, which include everything necessary to deduce the 
corrections for temperature, knowing also that the face of the plate was sensibly 
perpendicular to the axis of the telescope, we have everything necessary for a quite 
precise determination of the required element, independently of the question 'ivhefher 
the plate was accurately in the focus of the ohjective. The value of any measure on the 
photographic plate is equal to the angle subtended by that measure at the distance of 
the optical center of the object-glass. It is true that the optical center thus defined 
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will not be precisely the same for all points of the plate, nor even for diffeient 
directions at the same point But, these small deviations must admit of veiy accuiate 
calculation from the known foims and degrees of lefiangibility of the glasses winch foim 
the objective Any small uncertainty which may still lemain will, as already lemarked, 
be much reduced if all the telescopes are of the same pattern 

If we adopt the other system of photographing in which the image is enlaiged by 
a lens, it will be necessary to have a ruled plate in tlie piincipal focus, the lines on 
which shall be photogiaphed on the sun’s disk in every pictuie, and to lefei the 
measures of each picture to these lines The angular distance of these lines must 
theiefore be detei mined with the same degree of precision already fixed foi the 
photographic measmes, that is to say, it is desiiable that the piobablo enor of the 
angular distance shall not exceed 407000 of the whole, and necessaiy that its possible 
eiror should not exceed to^ 

It will be entirely inadmissible on this system to tiust to any detei mination of the 
angular value of a given measure on the negative, because this value will, in the case 
of an enlarged pictuie, dejpeml on tlte tofianriihildy of the light wluch foi ms the image 
This will be made evident by an mspectiou of the folhtwing figuie 



Let 0 bo the optical center of the obj'ect-glass, and M the cnlargmg-lcns, the prin- 
cipal unage being formed between PI and O P''()r our piesont puiposo it is only 
necessary to consider the rays which pass through the optical centei of the glass Let 
O B, 0 S, be the central rays from two objects wliose angular distance, R 0 S, is to bo 
determined by the linear distance of their images on the plane of the secondmy focus K K 
It is evident that the rays fiom the uiipoi object jiassing through the lower part of the 
enlarging -lens will all be refracted upward to form the secoinl image, and that the 
image formed by the more refrangible rays will theiefore be higher than that formed 
by the less refrangible ones In the same way the image of the lower object formed 
by the nioro refrangible rays will be lowoi than that formed by the loss refrangible 
ones Plenco, if a loticule be extended along the secondary focus, space K K for the more 
lefiangiblc rays, and 1 1 for the less refi angible ones will coiTosjiond to the same celestial 
ai c, R 0 S Hence the distance of the wires will have no definite geomotiical value, but 
each ray of the spectrum will have its own value 

It is true that if wo had a perfectly achromatic combination ivhich would refract all 
the rays geometiially to the same point, this difficulty would be entirely avoided But 
it is very well known that no such combination is possible, and the outstanding uncer- 
tainty in the best possible combination will, I conceive, exceed the iinceitainty in the 
present adopted values of the solar paiallax 

It being necessaiy to refer all the measures to a reticule in the piincipal focus, the 
problem will be to determine the angular distance of the lines of this reticule with the 
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requisite accuracy, tlie accuracy required being greater than lias ever been attained in 
such a determination. Three modes of making this determination have been proposed: 

1. By the distance apart of two images of the sun photographed at known moments, 
the telescope remaining xmmoved during the interval. 

2. By measurement of the linear distance between the lines of the reticule, and 
combination of this measurement with one of the distance between the reticule and 
the object-glass. 

3. By photographing objects of which the angular dimensions are known -with the 
requisite degree of accuracy. 

To the first method there are several objections : The distortion of the images 
from not being in the center of the field must be greatly increased ; the elapsed interval 
must be known within one-hundredth of a second, which may involve some difficulty ; 
and there must be danger that the telescope will not remain absolutely fixed during 
the entire interval. 

In the second method the principal difficulty will be to measure the actual distance 
between the reticule and the objective as it is at the time of photographing. This 
difficulty, however, is purely a practical one, and may be overcome. 

The third method seems to me the most feasible. Tlie object photographed must, 
however, be a terrestrial one ; since there is no celestial object of which the angular 
dimensions can be determined with the requisite precision. 

ANGLE OP POSITION. 

By the proposed method the angle of position will be determined as follows : The 
local time being known, we can deduce the position of the sun in the celestial sphere 
at the moment the photograph was taken. The altitude and azimuth of the cross- 
wires on the photographic ,, plate, as seen from the optical center of the object-glass, 
being zero by adjustment, and the co-ordinates of the sun’s center on the photographic 
plate being known by measurement, we can determine the altitude and azimuth of the 
ray which, coming from the sun’s center, was reflected from the mirror. Knowing the 
points on the celestial sphere corresponding to the direct and the reflected ray, repre- 
sent them by 8 and S', and join them by a great circle. The middle of the arc will 
mark the point of the sphere wduch is normal to the reflecting surface of the mirror; 
call this point N. Next, take a point V in the neigliborhood of 8, and pass a great 
circle through V and N. Take the arc NV' equal to VN, and V' will mark tlie 
direction of the reflected ray from V. The points 8 and S' being known, the angle 
wliich the great circle 8 N S' makes with the horizon can be computed. Tlie vertical 
platinum-wire being photographed on the plate, the angle which Y' S' makes with the 
horizon is detennined by measurement. Thus, we have the angle N S' V', which 
is equal to N S V. The direction of N S being known, we immediately deduce the 
angle which the line S V makes with the horizon, which was required. 

It will be seen that scarcely any of the elements on which this determination rests 
depend much upon instrumental adjustments, unless it be the azimuth and altitude of 
the photographic telescope, and this can be fixed with a degree of precision far exceed- 
ing our present requirements without serious difficulty. 
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1 do not see how the element in question can be detei mined with the required 
accuracy by the plan of a tele^^cope mo\nng on an axis I doubt wliethei the inclina- 
tion ot the wnes of a meiidian nistiument could easily be deteimined without a piobable 
error exceeding 6", ceitainly it lequues a long time to do so If, mthe case of the 
pJiotogiapli tole,sco]ie, the detei mi nation were accuiately made on one day, it might be 
wrong by this amount on the day following, unless the mounting weie inoie film and 
massive than a poi table nistiument would admit of If it weie aecuiateh made when 
the iiistiunient was on the ineiidian, it might be inaccurate when the instiiunent was 

turned on the sun, thiough the effect of flexure and eiiois in fixing the duections of 
the axes of i evolution 


CONCLUDING EEMAEKS 


The deteimmation of the solai paiallax fi-om ineasmes of photogiaphs of the sun 
taken duiuig the tiausit of Venus is beset with this seiioiis difficulty That the required 
element appears (.ul> as a miiuito difleieiice between two compaiatively long arcs, much 
longer, in fact, than aie often measiiied with a nncionietei In older that the solai 
parallax may thus Ix' deteimined wath a piecission ex( ceding that attained by othei 
methods, it is necess<ir\ tliat^ the arcs in cpiestion be measured witli a piecision con- 
siderabl} exceeding aii^ e\ei attained in the astioiioinical measurement of an arc of 
sinulai length 

^ The difficulties of the opeiations are greatly aggrava,ted by the direction and 
motion of the bod^ to be photogiaphed, which lequiie the ajipaiatus to be mounted on 
mox'iiig ax(‘s, and demand eithei an instrument of unwieldy pioportions oi the use of 
an eiilaiguig lens 


In Piofessor Wiiilock’s appaiatns the diunial motion is thrown entirely upon the 
uivolx'ing minor, so that all the ailvantages of a fixed hoiizontal sun aie obtained 
1 he a])])aiatus is all firmly mounted on stone piois, thus admitting of exact measiu’e- 
ineiit ot all its [laits, and avoiding all daugei of changing tlie adjustments by the 
photographic manipulations It seems to be that the advantages aie all greatly in its 
lavor 



